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vrfrr qorvrT ir. tmm ttnomodulators 

This application is a continuation-in-part of copending United States patent application 
Serial No. 07/755,208, filed September 5, 199 1. 

Fip.ldnf the Invention 

The present invention relates to novel chemical compounds having immunomodulatory 
activity, and in particular to macrolide immunosuppressants. More particularly, the invention 
relates to semisynthetic analogs of ascomycin, means for their preparation, pharmaceutical 
compositions containing such compounds and methods of treatment employing the same. 

Rack ground nf the Invention 

The compound cyclosporin (cyclosporin A) has found wide use since its introduction 
in the fields of organ transplantation and immunomodulation, and has brought about a 
significant increase in the success rate for transplantation procedures. Unsatisfactory side- 
effects associated with cyclosporine, however, such as nephrotoxicity, have led to a continued 
search for immunosuppressant compounds having improved efficacy and safety. 

Recently, several classes of macrocyclic compounds having potent immunomodulatory 
activity have been discovered. Okuhara et al, in European Patent Application No. 184162, 
published June 11, 1986, disclose a number of macrocyclic compounds isolated from the 
genus Streptomyces. Immunosuppressant FK-506, isolated from a strain of S. tsukubaensis , 
is a 23-membered macrocyclic lactone represented by formula la, below. Other related natural 
products, such as FR-900520 (lb) and FR-900523 (lc), which differ from FK-506 in their 
alkyl substituent at C-21, have been isolated from S. hygroscopicus yakushimnaensis. Yet 
' another analog, FR-900525, produced by S. tsukubaensis, differs from FK-506 in the 
replacement of a pipecolic acid moiety with a proline group. 

FR-900520, also known as ascomycin, has been previously disclosed by Arai et al. in 
U.S. Patent No. 3,244,592, issued April 5, 1966, where the compound is described as an 
antifungal agent Monaghan, R.L., et al ., on the other hand, describe the use of ascomycin as 
an immunosuppressant in European Patent AppUcation No. 323865, published July 12, 1989. 

Although the immunosuppressive activity of FK-506 has been clinically confirmed, 
toxicity in mammals has limited its utility. The activity of FK-506 has, however, prompted 
efforts to discover novel analogs of FK-type compounds which possess superior properties. 
These efforts include the isolation of new fermentation products, the microbial transformation 
of existing chemical entities, the chemical modification of these macrocycles, and the synthesis 
of hybrid species derived from smaller synthetic fragments. 
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1(a): FK-506 R =CH 2 CH=CH 2 ; n=l 

1(b): FR-900520 R = CH 2 CH 3 ;n=l 

1(c): FR-900523 R = CH 3 ;n=l 

1(d): FR-900525 R = CH 2 CH=CH 2 ; n=0 



Fermentationproducts of FK-type^ 
a31-demethylated derivative of FK-506; 31-oxo-FK-506; and compounds derived from 
FK506 FR-900523, and FR-900525 which ate characterized by the introduce of hydroxy^ 
protec«mggrou P s.fonnationofadouble bond by elimination of water between carbons 23 and 
^oxidirofthehydroxy group «c^2*»*c1a^rt«^«toW'>* 
cMnatca*<m2lYkl^^ 

FK-506 and FR-900520 where the lactone ring is contracted to give a macrocyckc nng 

containing two fewer carbons. 

Severalmicrobial transformations of FK-type compounds at carbon 13 have been 
published, such as the microbial demethylation of FR-900520 to form the bisdemethykted 
13,31-dihydroxy ring-arranged derivative of FR-900520; mermcrobialmonodeme^ylauon o 
FK-506 and FR-900520, respectively; and the microbial demethylation of FR-900520 at C-3 1, 
asweUasanumberofomermacrocycUcmicrobialtransformationproducts. 

Numerous chemical modifications of the FK-type compounds have been attempted. 
These include the preparation of small synthetic fragments of FK-type derivatives; a thermal 
rearrangement of a variety of derivatives of FK-506 which expands the macrocycUcnng by 
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two carbons; and modifications which include methyl ether formation at C-32 and/or C-24, 
oxidation of C-32 alcohol to the ketone, and epoxide formation at C-9. 

Although some of these modified compounds exhibit immunosuppressant activity, the 
need remains for macrocyclic compounds having immunosuppressive activity which do not 
have the serious side effects frequently associated with immunosuppressant therapy. 
Accordingly, one object of the invention is to provide novel semisynthetic macrolides which 
possess the desired immunomodulatory activity but which may be found to rninimize untoward 
side effects. 

Another object of the present invention is to provide synthetic processes for the 
preparation of such compounds from starting materials obtained by fermentation. 

A further object of the invention is to provide pharmaceutical compositions containing, 
as an active ingredient, one of the above compounds. Yet another object of the invention is to 
provide a method of treating a variety of disease states, including post-transplant tissue 
rejection and autoimmune disfunction. 

Summary of the Invention 

In one aspect of the present invention are disclosed compounds having the formula 




(VII) 



and pharmaceutically acceptable salts, esters, amides and prodrugs thereof. In formula VII, 
n is zero or one, and R and R' are chosen such that one of R and R' is hydrogen and the other 
is selected from the group consisting of methyl, ethyl, 2-hydroxyethyl, propyl, 
cyclopropylmethyl, 2-oxopropyl, 2-ethanal, allyl, -CH 2 CH 2 OC(0)R 10 where R 10 is aryl, 
-CH 2 C(0)Rl2, -^CCONCR^^WmCHCR^JCCOR 12 , 
-CH 2 C(0)N(Rl 4, )(CH2)mCH(Rl6)C(0)N(Rl 4 ")(CH2)m'CH(R 16, )C(0)R 12 , and 
-CHaCCONCR^XCH^CHCRl^CCONCRWyCH^CHCR^^CCONCRl*'")- 
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(CH2)m"CH(Rl6")C(0)R 12 . In these formulae, m, m' and m" are independently zero to six; 
R16 Riff and RW are independently selected firom hydrogen, loweralkyl, hydroxyloweralkyl, 
carboxyalkyl, thioloweralkyl, thioalkoxyalkyUguanidinoalkyl, aminoalkyl, arylalkyl and, if m, 
*' and m" are other than zero, amino or amidoalkyl; and R* is selected from © hydroxy (u) 
-OR13 where R 13 is loweralkyl, cycloalkyl, cycloalkylalkyl or arylalkyl, and (iii) -NR"R 
wherein R** R 14 " R 14 " and R 14 "' are independently selected from hydrogen, loweralkyl, 
arylalkyl, cycloalkyl and cycloalkylalkyl and R* is selected from hydrogen, loweralkyl, 
arylalkyl, cycloalkyl, cycloalkylalkyl, aminoalkyl, hydroxyalkyl, carboxyalkyl, and 
thioloweralkyl; or, taken together, R" and R* are -(CHzy where q is two to five; or taken 
together with the nitrogen to which they are attached, R" and R* form a group selected from 
morpholino andpiperidino; or, taken together, one or more of R"' and R* R" andR* 
and R* 4 '" and R^" are -(CH2)p- where p is two to five, Alternatively, one of R and R, taken 
together with one of R35 and R36 (described below), forms a C-21/C-22 bond and the other of 
R and R, taken together with the other of R35 and R36 is a heterocycle-forming group having 
a formula selected from -N(R63)CH=CH- and -OC(R<*)=CH- where the heteroatom in each 
instance is connected to C-22, R« is selected from hydrogen, loweralkyl, arylalkyl and aryl, 
and R 64 is hydrogen or loweralkyl, 

X in formula VH is a group having one of the following subformulae: 

32 34 1 

CH 3 0^^/^ (la), CH 3 0' 

in whichRl ^ selected from the group consisting of (a) hydrogen; (b) halogen; (c) triflate; (d) 
mesylate; (e) tosylate; (f) benzenesulfonate; (g) azide; & cyanate; (h) -OC(S)ORH, where m 
Rll is selected from loweralkyl, arylalkyl and aryl; (i) -OC(0)R*, wh erein R» is selected 
from (i) hydrogen, (ii) loweralkyl, (iii) arylalkyl, (iv) aminoalkyl, (v) aryl and (vi) an alpha- 
carbon with an optionally protected alpha-arnino, and appended side-chain of a standard alpha- 
amino acid; (j) -OC(0)NHR", wherein R" is selected from hydrogen, loweralkyl, arylalkyl, 
aryl and -SR"; (k) -OC(0)OR"; G) . 0 P(0)(OR") 2 ; (m) -OR"; (n) -0(CH2)jC(0)RU 
where j is one to five; (o) -0(CH2)jC(0)N(Rl 4, )(CH2)mCH(Rl6)C(0)Rl2; 
(p)-0(CH2)jC(0)N(R^ 

(q) -0(CH2)jC(0)N(Rl 4 )(CH2)mCH(Rl6)-C(0)N(Rl 4,, )(CH2)mCH(Rl6> 
C(0)N(Rl 4 ")(CH2) m -CH(Rl6")C(0)Rl2 ; (r) -SR"; (s) -SC(0)R"; (t) -P(0)(OR") 2 ; 
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(u) 1-tetrazolyl; (u') 2-tetrazolyl; (v) -NHC(NH)NH 2 ; (w) -C(NH)NH 2 ; 00 -0-(hydroxyl 
protecting group); (x 1 ) -O-wrf-butyldimethylsUyl; (y) -HNSR 11 ; (z) -NRl7s(0) 2 R"; (aa) 
-NR 17 C(0)R 18 , wherein R 18 is selected from hydrogen, loweralkyl, arylalkyl, aryl, -NRl 4 R 17 
and -NRl 4 R 14 ; (bb) -NRi7C(0)NHRi8; (cc) -NR^c^OR 11 ; (dd) -NHP(0)(ORH) 2 ; (ee ) a 



O (Ie)',(ff) a group having the formula Fr (K) w..ere « 

and R 20 ' are independently selected from the group consisting of hydrogen, aryl, cyano, 
trifluoromethyl, -C(0)-0-loweralkyl and -C(0)-loweralkyl; (gg) a group having the formula 



R 2 in subformula lb is hydrogen or trifluoromethylcarbonyl or, taken together with R 2 , 
forms a diazo group or, taken together with one of R3 and R 4 , forms a C-32/C-33 bond. 
R 2 ' in subformula lb is hydrogen or, taken together with R 2 , forms a diazo group. 
R3 and R 4 in subformula lb are chosen such that (a) both are thioloweralkoxy, 
thioaryloxy or thioarylalkoxy; (b) one of R 3 and R 4 is selected from hydrogen, hydroxy and a 
C-32/C-33 bond formed with R 2 , and the other of R 3 and R 4 is hydrogen or R 11 ; or (c) taken 
together, R3 and R 4 form a group selected from (i) oxo, (ii) =NR 48 where R 4 » is selected from 
arylalkoxy, hydroxy, -0(CH2)fCOOH where f is one to five, -NHC(0)OR39 where R39 is 
loweralkyl, and -NHSCO^R 40 where R 40 is aryl, (iii) =NOR 222 or =N+(0-)R 222 where R 222 
is lowerlkyl, aryl, -SOHloweralkyl) or -S02-(aryl), and (iv) a thioketal-forming moiety 
having the formula -S-(CH2) r S- where r is two or three. 

R5 in subformula Ic is selected from the group consisting of formyl and -CH2OR 1 , 

where R 1 is as defined above. 



group having the formula 






(Ig); and (hh) hydroxy. 



Y in formula VII is a group selected from the subformulae 
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(ma) and ^ (fflaO, in which R 3 * and R 32 are chosen 
such that one" of R» and R 32 is hydrogen and the other is independently selected from the 
group consisting of (i) hydrogen, (ii) hydroxy, (iii) -R". (iv) -C(0)Rl * and (v) 
CHfRH)NHR 17 Alternatively R« and R 32 taken together, form a diazo group; or, taken 
together with oneof R 33 andR* one of R* and R 32 f<*ms a ^ 
is selected from hydrogen, alkyi, -C(0)NHR« -S(0) 2 R* and -C(0)OR", where . 
hydrogen, aryl orloweralkyl; or, taken together with one of R 33 and R 3 *, one of R 3 * and R 
fcnTagro^havmg^^^^ 

or taken^ther with one of R» and R*. one of R 31 and R 32 forms a C-22C-23 bond and 
^IrisLectedfromhydrogen, alkyl, -C(0)NHR", _ S( 0) 2 R« and-C(0)OR"; orR 3 * 
and R 32 , together with carbon atom C-23 to which they are attached, may be absent and 
replaced by a C-22/C-24 bond, as shown in subfonnula ma', above. _ 

One or both of R» and R 32 may also, when taken togetherwith one or both of R and 
R34 and the carbon atoms to which they are attached, form © a fusedindofe group wherein the 
nitrogen atom is adjacent to C-24, (ii) afused, optionally unsaturated, 5-membered heterocyclic 
group wherein one of the two ring members adjacent to C-23 and C-24 is oxygen, the other 
adjacentringmemberis -CHR"- or=CR"-, and me remaiimgrmg member is =N- or 
-NR"- or (iii) a fused pyrrole. Furthermore, taken together with R» and R 36 and the carbon 
atoms to which they are attached, R 3 * andR 32 may form (i) a fused indole group wherem the 
nitrogen atom is adjacent to C-22 or (ii) a fused furan ring wherein the oxygen atom is adjacent 
to C 22 

" R35 and R 3 <5 in subformulae ma and IDa' are chosen such that both are loweralkoxy; or 
that one of R 35 and R 36 is hydrogen and the other is selected from hydroxy, amino, -NHR , 
-OC(0)R« -OC(0)0-(benzyl) and -NHNH-(tosyl); or (in subformula ffla), taken together 
wimoneofR 3 landR 32 oneofR 3 5^ 

hydrogenor hydroxy; or (in subfonnula ma*), taken togetherwith one of R 33 and R 3 when 
C-23 is absent, one of R 3 * and R 3 * forms a C-22/C-24 bond and the other is hydrogen or 
hydroxy; or, taken together with one of R 33 and R* one of R 3 * and R* forms a group 
having the formula -OC(CH 3 ) 2 0-; or, taken together, R 35 and R 36 form an oxo group or 
=NR38 where R 3 * is selected from (i) arylalkoxy, (ii) hydroxy, (iii) -OCH 2 COOH, (iv) 
-OCH2CHCH2, (v) -NHC(0)OR 3 9 ^ (vi ) -NHS(O)2R40. Alternatively, taken together with 
R and R' R 35 and R 36 may form a C-21/C-22 bond and a heterocycle-forming group as 
described above or, taken together with R 31 and R 32 R 35 and R 36 may form an indole or furan 
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group as described above. As a further alternative, when taken together with either or both of 
R33 and R 34 and intervening carbon atoms C-22, C-23 and C-24, R 3 * and R 36 may form a 
fused, heterocyclic group selected from either (i) a five- or six-membered, unsaturated group 
which comprises a heteroatom selected from N, O and S, optionally comprises a second 
heteroatom selected from N, O and S with the proviso that when two heteroatoms are present, 
at least one is N, and is optionally substituted with loweralkyl, aryl, arylalkyl, amido, formyl, 
-C(0)OR u or -C(0)R 41 where R 41 is loweralkyl, or (ii) a seven-membered, optionally 
unsaturated group having fused thereto a phenyl group optionally substituted with loweralkyl, 
alkoxy or halogen, wherein the ring member adjacent to C-22 is =N- and the ring member 
adjacent to C-24 is O or S. 

r33 and R 34 in subformulae ma and ma' are chosen such that (i) one of R 33 and R 34 
is hydrogen and the other is selected from hydrogen, hydroxy, amino, -OR 11 , -ONO2, 
-OC(0)NHR 17 , -C(0)R n , -C(R 11 )NHR 17 and -0-(hydroxyl protecting group); (ii) one of 
R 33 and R3 4 is hydrogen and the other forms, with one of R 31 or R 32 , a group having the 
formula -CHCR^NHCHCCCOPR 11 )- or, with one of R 35 and R 3 6 a group having the 
formula -OC(CH 3 ) 2 0-; or (iii) one of R 33 and R 34 forms a C-23/C-24 bond (or, when C-23 is 
absent, a C-22/C-24 bond) and the other is selected from hydrogen, hydroxy and loweralkoxy. 
Alternatively, when taken together, R 33 and R 34 may form an oxo group or, taken together 
with one or more of R 31 , R 32 , R 35 and R 36 and the intervening carbon atoms, one or both of 
R33 and R 34 form a group selected from (i) indole, where the nitrogen atom is adjacent to 
C-24, (ii) furan, with the oxygen atom attached to C-24, or (iii) a heterocyclic group, as 
described above. 



Z in formula VII is selected from groups having the subformulae 




OCH 3 (na) and CH » OCH, (Hb), wherein 

R 21 and R 22 are chosen such that (i) one of R 21 and R 22 is hydrogen and the other is selected 
from hydrogen, loweralkyl, arylalkyl, aryl, halogen, triflate, mesylate, tosylate, 
benzenesulfonate, azide, amine, acetate, -NR 17 R 18 , -OC(0)R 19 , -NR 17 S(0) 2 R 18 , 
-NR 17 C(0)R 18 , and groups 
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I 




. • u e io. rt» Of) and V — / ag)or,taken 

having the formulae R 

^^R- to saC-9/C- 1 0,,oad.A 1 «e^v=, y ,o^o,R^a„dR^yb« 
and the other selected from hydrogen, loweraliyl, arylalkyl *>« « ""c of R*> and R 
may be seleaedfrom hydrogen, loweralkyl and arylaliyl and the other, taken together with 
R23 and the carbon atoms to which the, are attached, ma, form a fused, flve-membered 

member is -P(0)<R»> where R* is loweralkyl, arylalkyl, loweralkoxy, ammo or 

loweralkylamino. , . i 

As a further alternative, and when taken together, may form a group selected 

from oxo, oxime and -0-CH 2 -; or R* and taken together with the carbon to whxch they 

are attached, may be absent and C-8 attached directly to Old 

R23 in subformula Da is selected from the group consisting of hydroxy, halogen, 

amino, loweralkylamino, arylalkylamino, loweralkoxy and arylalkoxy or taken togefcer with 

one of R* and R», forms a C-9/C-10 bond or, taken together with R*. forms a C-10/C-1 

b ° nd " R24 in subformula Ha is hydrogen or, taken together with R* forms a C-10/C-11 

b ° nd R26 R27 R28 and in subformula lib are chosen such that (i) one of R2* and R2* is 
hytoxvand*^ 

an d R27 ^ 0X0 while one of R 28andR29 is hydroxy and the 
or.takentogemer.R^andR^^^ 

U-C(R»)=N- in which U is adjacent to C-9 and is selected from -O, -S- and -NH-, or R 
andR28 are each hydroxy and R27 and R29, taken togemer, form a group havmg the formula 

" CH2 " C ^terii^ R 26 , R27 R** and R29, when taken together with the carbon atoms to 
which they are attached, may form either G) a fused naphthalene group wherein the atoms 
adjacent to C-9 and C-10 are substituted by cyano groups, or (ii) a fused, mono-.bx-or 
tricyclic heterocyclic aromatic group comprising fused, six-membered rings, which has 
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between one and three nitrogen heteroatoms and is optionally substituted with up. to six groups 
selected from amino, halogen, loweralkyl and loweralkoxy. 

R60 and R65 in subformula lib are chosen such that R 65 is hydrogen and R 60 is 
selected from the group consisting of (i) hydrogen, (ii) hydroxy and (iii) -OC(0)R 19 or, taken 
together, R 60 and R 65 may form an oxo group. 

When examined for immunomodulatory activity using a common in vitro biological 
assay, the compounds of the invention are seen to be potent immunosuppressant agents. 
Consequently, it is expected that the compounds may be found to possess immunosuppressive, 
antimicrobial, antifungal, antiviral, antiinflammatory, and antiproliferative activity, as well as 
the ability to reverse chemo&erapeuuc drag-resistance. 

Accordingly, in another aspect of the present invention are disclosed pharmaceutical 
compositions comprising a compound of the invention in combination with a pharmaceutically 
acceptable carrier. Suitable carriers and methods of formulation are also disclosed. 

In a further aspect of the present invention are disclosed processes for the preparation 
of the above compounds, synthetic intermediates useful in the preparations of these and other 
immunomodulator derivatives of ascomycin, and methods of immunomodulatory treatment by 
the administration of a therapeutically effective amount of a compound of the invention to a 
patient in need of such treatment. 

Detailed Des cription of the Invention 

The compounds of the present invention are formed by modification of FR-900520 
(ascomycin) or one of its congeners (such as FK-506, etc.) in one or more of three general 
regions. Accordingly, representative compounds of the invention may be categorized as 
belonging to one of several classes, depending on the number of modifications present. 
Singly-modified compounds, Le., those in which two of the three general regions remain 
unchanged over the parent molecule, are encompassed by the formulae 
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CH a O 




0CH 9 



and the phannaceutically acceptable salts, esters, amides and prodrugs thereof, wherein each of 
the substituents is as defined above. Among the compounds characterized by formula I are the 
most preferred compounds of the present invention, including that of Example 137 below 
which is regarded as the best mode hereof. Also among the compounds of formula I are 
preferred derivatives useful as intermediates in the synthesis of other immunomodulators, and 




especially compounds in which X is a group of the formula CH3 ° (lb'), 
wherein R 221 is selected from =NOR222 and =N+(0-)R 222 - In these intermediates, R 222 is 
chosen from among lowerlkyl, aryl, -S0 2 -(loweralkyl) and -S0 2 -(aryl). 

On the other hand, doubly-modified analogs of ascomycin which are representative of 
me compounds of the invention may be described by the formulae 
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"\2B 




av), 




HO. 



and 




(VI), 



and thephannacenticaUy acceptable salts, esters, amides and prodrugs thereof, wherein each of 
the subsdtuents again are as previously defined. Among these doubly-modified compounds are 
those in which a direct bond is formed between carbon atoms C-2 and C-10, represented by the 
structural formula 
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Multiple modifications are also possible by the careful selection of syntheses from those 
disclosed herein as well as by the use of other synthetic methods known to those skilled in the 
art, and result in the compounds belonging to the representative class encompassed by formula 
VII, above. 



Representative and preferred compounds of the invention include those encompassed 
within formulae m, V, VI, Vn and Vm wherein Y is selected from the group consisting of 
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wherein R", R 17 , R 31 , R 32 , R 38 and R 41 are as previously defined; R 81 is selected from 

hydrogen, alkyl, -C(0)NHR6l, -S(0) 2 R 61 and -C(0)OR6i; R 82 md R 83 are independently 

selected from hydroxy and amino; R 84 is hydrogen, hydroxy or loweralkoxy 

R85 is hydrogen or hydroxy; R 86 is selected from hydrogen, loweralkyl, aryl, arylalkyl, 

amido, formyl, -C(0)R 41 and -C(0)OR 41 ; R 87 is selected from hydrogen, halogen, alkoxy 

and loweralkyl; V is selected from oxygen, -NCR 8 *)- and -NC(0)R 8 <S- ; and W is oxygen or 

sulfur. 



Other representative compounds of the invention include those encompassed within 
formulae H, IV, VI and Vn wherein Z is selected from the group consisting of 
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whereinRH, R 21, R 22, R 23 and U are as previously defined; R™ is hydrogen, lowerall^l or 
arylalkyl; R 7l is hydrogen or loweralkyl; R72 is oxygen or sulfur, andA,D E,G,JandL 

loweralkoxy. 

As used throughout this specification and in the appended claims, the following terms 

have the meanings specified: 

The terms "alkoxy" and "loweralkoxy" as used herein refer to a loweralkyl group, as 
definedbelow, attached* the remainder of themolecule through an oxygen atom. Alkoxy and 
loweralkoxy groups include, for example, methoxy, ethoxy, isopropoxy, n-butoxy, sec- 
butoxy.isobutoxy.tert-butoxy and the like. 

The term "alkyl" as used herein refers to amonovalent straight chain or branched cham 
group of 1 to 12 carbon atoms including, but not limited to, methyl, ethyl, n-propyl, isopropyl, 
n-butyl, sec-butyl, isobutyl, tert-butyl and the like. 

The terms "alkylamino" and "loweralkylamino" as used herein refers to a group having 

the stature -NH-^^^^ 

andloweralkylamino groups include, for example, methylamino, ethylamino, isopropylarmno 
and the like. 

The term "ainldoalkyr as used herein refers to a group having the structure 
-NR101C(0)R102 appended to a loweralkyl group, as previously defined. The groups Ri° 
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and R102 are independently selected from hydrogen, lower alkyl, aryl, arylalkyl, and 
halosubstituted alkyl. Additionally, RlOl and R102, taken together, may optionally be 
-(CH2)aa- where aa is an integer of from 2 to 6. 

The term "aminoalkyl" as used herein refers to a group having the structure 
-NR103R104 appended to a loweralkyl group, as previously defined. The groups R103 and 
R104 are independently selected from hydrogen, lower alkyl, aryl and arylalkyl. Additionally, 
R103 and R104, taken together, may optionally be -(CH2)bb- where bb is an integer of from 2 
to 6. 

The term "aryl" as used herein refers to substituted and unsubstituted carbocyclic 
aromatic groups including, but not limited to, phenyl, 1- or 2-naphthyl, fluorenyl, (U-)- 
dihydronaphthyl, (l,2,3,4)-tetrahydronaphthyl, indenyl, indanyl and the like, optionally 
substituted with 1, 2 or 3 substituents independently selected from halo, nitro, cyaho, d to 
C12 alkyl, alkoxy and halosubstituted alkyl. 

The term "arylalkoxy" as used herein refers to an arylalkyl group, as previously 
defined, attached to the parent molecular moiety through an oxygen atom. Arylalkoxy 
includes, but is not limited to, benzyloxy, 2-phenethyloxy, 1-naphthylmethyloxy and the like. 

The term "arylalkyl" as used herein refers to an aryl group, as previously defined, 
appended to an alkyl group including, but not limited to, benzyl, 1- and 2-naphthylmethyl, 
halobenzyl, alkoxybenzyl, hydroxybenzyl, aminobenzyl, nitrobenzyl guanidinobenzyl, 
fluorenylmethyl,phenylmethyl(benzyl), 1-phenylethyl, 2-phenylethyl, 1-naphthylethyl and the 

like. 

The term "arylalkylamino" as used herein refers to a group having the structure 
-NH-(arylalkyl), where the arylalkyl portion is as previously defined. Examples of 
arylalkylamino groups include benzylamino, 1-phenylethylamino and the like. 

The term "aryloxy" as used herein refers to an aryl group, as previously defined, 
attached to the parent molecular moiety through an oxygen atom. Aryloxy includes, but is not 
limited to, phenoxy, 1-naphthoxy, 2-naphthoxy and the like. 

The term "carboxyalkyl" as used herein refers to a carboxyl group, -CO2H, appended 
to a loweralkyl group, as previously defined. 

The term "cycloalkyl" as used herein refers to cyclic groups of 3 to 8 carbons 
including, but not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and the like. 

The term "cycloalkylalkyl" as used herein refers to a cycloalkyl group appended to a 
lower alkyl group including, but not limited to, cyclohexylmethyl and cyclohexylethyl. 

The term "guanidinoalkyl" as used herein refers to a group of the structure 
-NR105C(=NR106)NHR107 appended to a loweralkyl group, as previously defined. R105, 
R106, and R107 are independently selected from hydrogen, lower alkyl, heterocyclic, 
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aminoalkyl and aryl. Alternatively, R"*5, and R107, taken together, may optionally be 
-(CH2)cc- wherein cc is an integer of from 2 to 6. 

The terms "halo" and "halogen" as used herein refer to an atom selected from fluorine, 

chlorine, bromine and iodine. 

The term "heterocycUc" as used herein, except where otherwise specified, refers to any 
aromatic or non-aromatic 5-, 6- or 7-membered ring or a bi- or tri-cyclic group comprising 
fused six-membered rings having between one and three heteroatonis mdependendy selected 
from oxygen, sulfur and nitrogen, wherein (i) each 5-membered ring has 0 to 2 double bonds 
and each 6-membered ring has 0 to 3 double bonds, (ii) the nitrogen and sulfur heteroatoms 
m ™ nnrinnoUy be oxidized, 

(iv) any of the above heterocycUc rings may be fused to a benzene ring. Representative 
heterocycles include, but are not limited to, pyrrolyl, pyrrolidinyl, pyrazolyl, pyrazolinyl, 
pvrazolidinyl, imidazolyl, imidazolinyl, imidazoUdinyl, pyridyl, piperidinyl, pyrazmyl, 
piperazinyl, pvrimidinyl, pyridazinyl, oxazoyl, oxazolidinyl, isoxazolyl, isoxazolidinyl, 
morpholinyl, indolyl, quinolinyl, thiazolyl, thiazolidinyl, isothiazolyl, isothiazohdmyl 
isoquinolinyl, benzimidazolyl, benzothiazolyl, benzoxazolyl, furyl, thienyl and benzotfoenyl. 

The terms "hydroxyalkyr and "hydroxyloweralkyr as used herein refer to -OH 
appended to a loweralkyl group, as defined below. 

The term "hydroxy-protecting group" as used herein refers to those groups which are 
known in the art to protect a hydroxyl group against undesirable reaction during synthetic 
procedures and to be selectively removable including, but not limited to, methylthiomethyl 
te rt-dimethylsilyl, tert -butyldiphenylsilyl, acyl substituted with an aromatic group and the hke. 

The term "loweralkyl" as used herein refers to an alkyl group, as defined above, of 1 to 
8 carbon atoms. 

The terms "natumlly occuring amino acid" and "standard amino acid" refer to an ammo 
acid selected from the group consisting of alanine, arginine, asparagine, aspartic acid, cysteine, 
glutamine, glutamic acid, glycine, histidine, isoleucine, leucine, lysine, methionine, 
phenylalanine, proline, serine, threonine, tryptophan, tyrosine and valine. 

The term "N-terminal protecting group" as used herein refers to those groups known in 
the artto protect the N-termihus against undesirable reactions during synthetic procedures or to 
prevent the attack of exopeptidases on the final compounds or to increase the solubility of the 
final compounds and includes, but is notlimited to acyl, acetyl pivaloyl, tert-butylacetyl tert- 
butyloxycarbonyl(Boc),carbobenzyloxycarbonyl(Cbz), and benzoyl groups. Other such 
groups are described by Gross, E. and Meienhofer, J,in "The Peptides", Volume 3; Academic 

Press, 1981. . ' . 

The terms "thioalkoxy" and "thioloweralkoxy" as used herein refer to a loweralkyl 
group, as previously defined, attached to the remainder of the molecule through a sulfur atom. 
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Examples of thioalkoxy and thioloweralkoxy groups include, but are not limited to, 
thiomethoxy, thioethoxy, thioisopropoxy, n-thiobutoxy, sec-thiobutoxy, isothiobutoxy, tert- 

thiobutoxy and the like. 

The term "thioalkoxyalkyl" as used herein refers to a thioalkoxy group, as defined 

above, appended to a loweralkyl group. 

The term "thioarylalkoxy" as used herein refers to an arylalkyl group, as previously 
defined, attached to the remainder of the molecule through a sulfur atom. 

The term "thioaryloxy" as used herein refers to an aryl group, as defined above, 
attached to the remainder of the molecule through a sulfur atom. 

The term "thioloweralkyl" as used herein refers to a loweralkyl group, as defined 
above, attached to the remainder of the molecule through a sulfur atom. 

The term "pharmaceutical^ acceptable salts, esters, amides and prodrugs" as used 
herein refers to those carboxylate salts, amino acid addition salts, esters, amides and prodrugs 
of the compounds of the present invention which are, within the scope of sound medical 
judgement, suitable for use in contact with with the tissues of humans and lower animals with 
undue toxicity, irritation, allergic response, and the like, commensurate with a reasonable 
benefit/risk ratio, and effective for their intended use, as well as the zwitterionic forms, where 
possible, of the compounds of the invention. The term "salts" refers to the relatively non- 
toxic, inorganic and organic acid addition salts of compounds of the present invention. These 
salts can be prepared in situ during the final isolation and purification of the compounds or by 
separately reacting the purified compound in its free base form with a suitable organic or 
inorganic acid and isolating the salt thus formed. Representative salts include the 
hydrobromide, hydrochloride, sulfate, bisulfate, phosphate, nitrate, acetate, oxalate, valerate, 
oleate, palmitate, stearate, laurate, borate, benzoate, lactate, phosphate, tosylate, citrate, 
maleate, fumarate, succinate, tartrate, naphthylate, mesylate, glucoheptonate, lactiobionate and 
laurylsulphonate salts and the like. These may include cations based on the alkali and alkaline 
earth metals, such as sodium, lithium, potassium, calcium, magnesium and the like, as well as 
nontoxic ammonium, quaternary ammonium and amine cations including, but not limited to, 
ammonium, tetramethylammonium, tetraethylammonium, methylamine, dimethylamine, 
trimethylamine, triethylamine, ethylamine and the like. (See, for example S. M, Berge, et al., 
"Pharmaceutical Salts," J. Pharm. ScL 66: 1-19 (1977) which is incorporated herein by 
reference.) 

Examples of pharmaceutical^ acceptable, non-toxic esters of the compounds of this 
invention include Ci to Ce alkyl esters wherein the alkyl group is a straight or branched chain. 
Acceptable esters also include C5 to C7 cycloalkyl esters as well as arylalkyl esters such as, but 
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notlimited to benzyl. Ci to Gt alkyl esters are preferred. Esters of the compounds of the 
presentinventionmaybepreparedaccordingtoconventionalmethods. 

Examples of pharmaceutically acceptable, non-toxic amides of the compounds of tms 
inventionmcludeamidesde^ 

Cl to Ce dialkyl amines wherein the alkyl groups are straight or branched chain. In die case of 
secono^annnesmearamemay^ 

containmgonenifrogen atom. Amides derived from an^oma, Cl to C 3 a^l p^ary amrdes 
and Cl to C 2 dialkyl secondary amides are preferred. Amides of the compounds of the 
invention may be prepared according to conventional methods. 

TV "«™drug"refers-to compounds thatare a^mSBBiuAmvaHHBy»« 
the parentcompotmd of the above formula, for example by hydrolysis in blood. A thorough 
discussionisprovidedinT.ffiguchiandV.SteUa, "Pro-drugs as Novel Dehvery Systems , 
Vol 14of theA.CS. Symposium Series, ■**» 0n mWCanim*^»™«. 
EdwardB-Roche, AmericanPharmaceutical Association and Pergamon Press, 1987, both of 

which are incoiporated herein by reference. 

Where appropriate, prodrugs of derivatives of compounds, of me present invention may 
be prepared by any suitable method. For those compounds in which the prodrug moiety * an 
anLLdorpeptidefuncuona^ 
peptides niaybeeffectedinaccordanc^^^ 

the active ester method (p-nitro P henyl ester method, N-hydroxysuccinic acid imrde ester 
method, cyanomethyl ester method and the like), the Woodward reagent K method, the DCC- 
HOBT (l-hydroxy-benzotriazole) method and the like. Classical methods for ammo acid 
condensation reactions are described in "Peptide Synthesis" Second Edition, M. Bodansky, 
Y.S. Klausner and M.A. Ondetti (1976). 

As in conventional peptide sysnthesis, branched chain amino and carboxyl groups at 
alpha and omega positions in amino acids may be protected and deprotected if necessary. Hie 
protecting groups for amino groups which can be used involve, for example, 
LzylosycarbonyU^ 

(Z(N02)), p-methoxybenzyloxycarbonyl (Z(OMe)), t-amyloxycarbonyl (Aoc), 
isobornealoxycarbonyl, adamantyloxycarbonyl (Adoc), ^ 

(Bpoc), 9-fluorenyl-methoxycarbonyl (Fmoc), methylsulfonylethoxy carbonyl (Msc), 

and dimethylphosphino-thioyl (Mpt). 

The examples for protecting groups for carboxyl groups involve, for example ^benzyl 
ester (OBzl), cyclohexyl ester, 4-nitrobenzyl ester (OBzlN02), t-butyl ester (OtBu), 4- 
pyridylmethyl ester (OPic) and the like. 
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In the course of the synthesis of certain of the compounds of the present invention, 
specific amino acids having functional groups other than amino and carboxyl groups in the 
branched chain such as arginine, cysteine, serine and the like may be protected, if necessary, 
with suitable protecting groups. It is preferable that, for example, the guanidino group (NG) in 
arginine may be protected with nitro, p-toluenesulfonyl (Tos), benzyloxycarbonyl (Z), 
-adamantyloxycarbonyl (Adoc), p-methoxybenzenesulfonyl, 4-methoxy-2,6-dimethyl- 
benzenesulfonyl (Mts) and the like; the thiol group in cysteine may be protected with benzyl, p- 
methoxybenzyl, triphenylmethyl, acetomidomethyl, ethylcarbamyl, 4-methylbenzyl (4-MeBzl), 
2,4,6-trimethylbenzyl (Tmb) and the like; and the hydroxy group in serine may be protected 
with benzyl (Bzl), t-butyl, acetyl, tetrahydropyranyl (TOP) and the Jike, 

Numerous asymmetric centers may exist in the compounds of the present invention. 
Except where otherwise noted, the present invention contemplates the various stereoisomers 
and mixtures thereof. Accordingly, whenever a bond is represented by a wavy line, it is 
intended that both steric orientations are intended. 

The compounds of the invention, including but not limited to those specified in the 
examples, possess immunomodulatory activity in animals. As immunosuppressants, the 
compounds are expected to be useful in the treatment and/or prevention of rejection of 
transplanted organs or tissues, such as kidney, heart, lung, bone marrow, skin or cornea 
transplants, and also in the treatment or prevention of autoimmune, inflammatory, proliferative, 
and hyperproliferative diseases, such as rheumatoid arthritis, lupus erythematosus, sytemic 
lupus erythematosus, multiple sclerosis, myasthenia gravis, type I diabetes, uveitis, 
Hashimoto's thyroiditis, nephrotic syndrome, psoriasis, atopical dermatitis, contact dermatitis, 
seborrheic dermatitis, graft-versus-host diseases by medulla ossium transplantation, vernal 
keratocojunctivitis, eczematous dermatises, lichen planu, pemphigus, bullous pemphigoid, 
epidermolysis bullosa, urticaria, angioedemas, vasculitides, erythemas, cutaneous 
eosinophilias, alopecia areata and the like. 

The compounds of this invention are also expected to find use in the treatment of 
reversible obstructive airways disease. Further, the compounds of this invention may be 
indicated in the treatment of diseases caused by intestinal inflammations and allergies, such as 
Coeliac disease, gastroenteritis, mastocytosis, Crohn's disease, ulcerative colitis, and the like; 
and food-related allergic diseases which have symptoms remote from the gastrointestinal tract, 
as for example migraine, rhinitis, and eczema. 

Additionally, some compounds appear to possess FK-506 antagonistic properties. The 
compounds of the present invention may thus be used in the treatment of immunodepression or 
a disorder involving immunodepression. Examples of disorders involving immunodepression 
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include AIDS, cancer, senile dementia, trauma (including wound healing, surgery and shock) 
chromcbacterialinfection,^ 

immunodepression to be treated may be caused by an overdose of animmunosuppressxve 
macrocyclic compound, for example derivatives of 12-(2-cycIohe^l-l-memylvxnyl)-a 
19,21 27-t e tramethyL-ll,28-dioxa-4-azatricyclo[22.3.1.0 4.9] octacos-18-ene such as FR- 
900506, or rapamycin. Overdosing of such medicants by patients is quite common upon dieir 
realizmgthatmeyhaveforgottentotakemeirmed^^^ 

serious side effects. . 

A further situation in which the compounds of the present invention may be used to 

treatinmaunosuooress^ 

into the body foVthe acquisition of immunity from disease acts as an immunosuppressive 
agent, and so antibodies are not produced by the body and immunity is not acquired. By 
introducing a compound of the invention into the body (as in a vaccine), the undesired 
immunosuppression may be overcome and immunity acquired. 

Aqueous liquid compositions of the present invention may be particularly useful for the 
treatment and prevention of various diseases of the eye such as autoimmune diseases 
(including, for example, conical cornea, keratitis, dysophia epithelialis corneae, leukoma, 
Mooren's ulcer, sclevitis and Graves' ophthalmopathy) and rejection of corneal transplantation^ 

When used in the above or other treatments, a therapeutically effective amount of one of 
thecompounds of the present invention may be employed in pure form or, where such forms 
exist, in pharmaceutically acceptable salt, ester or prodrug form. Alternatively, the compound 
may be administered as pharmaceutical compositions containmg me compound of mterest in 
combmationwimoneormorepharmaceuticallyacceptableexcipients. By a "therapeutically 
effective amount" of the compound of the invention is meant a sufficient amount of the 
compound to treat gastrointestinal disorders, at a reasonable benefit/risk ratio appUcable to any 
medical treatment It will be understood, however, that the totaldaily usage of thecompounds 
^compositions of thepr^^^^ 

scopeofsoundmedicaljudgement Tbe specific merapeutically effective dose level for any 
particmarpatientwmdependuponavarietyoffactorsmcludm^ 
theseverity of the disorder, activity of the specific compound employed; the specific 
composition employed; the age. body weight, general health, sex and diet of the patient; the 
time 0 f administration, route of administration, and rate of excretion of the specific compound 
em P loyed;*edumtionofmetrea^ . 
specific compound employed; and like factors well known in the medical arts. For example it 
is well within the skill of the art to start doses of the compound at levels lower than required for 
to achieve the desired therapeutic effect and to gradually increase the dosage until the desired 
effect is achieved. 
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The total daily dose of the compounds of this invention administered to a human or 
lower animal may range from about 0.001 to about 3 mg/kg/day. For purposes of oral 
administration, more preferable doses may be in the range of from about 0.005 to about 1.5 
mg/kg/day. If desired, the effective daily dose may be divided into multiple doses for purposes 
of administration; consequently, single dose compositions may contain such amounts or 
submultiples thereof to make up the daily dose. 

The pharmaceutical compositions of the present invention comprise a compound of the 
invention and a pharmaceutical^ acceptable carrier or excipient, which may be administered 
orally, rectally, parenterally, intracisternally, intravaginally, intraperitoneally, topically (as by 
powders, ointments, or drops), bucajly, or as an oral or nasal spray. By "phannaceutieaHy 
acceptable carrier" is meant a non-toxic solid, semi-solid or liquid filler, diluent, encapsulating 
material or formulation auxiliary of any type. The term "parenteral" as used herein refers to 
modes of administration which include intravenous, intramuscular, intraperitoneal, intrastemal, 
subcutaneous and intraarticular injection and infusion. 

Pharmaceutical compositions of this invention for parenteral injection comprise 
pharmaceutical^ acceptable sterile aqueous or nonaqueous solutions, dispersions, suspensions 
or emulsions as well as sterile powders for reconstitution into sterile injectable solutions or 
dispersions just prior to use. Examples of suitable aqueous and nonaqueous carriers, diluents, 
solvents or vehicles include water, ethanol, polyols (such as glycerol, propylene glycol,- 
polyethylene glycol, and the like), carboxymethylcellulose and suitable mixtures thereof, 
vegetable oils (such as olive oil), and injectable organic esters such as ethyl oleate. Proper 
fluidity can be maintained, for example, by the use of coating materials such as lecithin, by the 
maintenance of the required particle size in the case of dispersions, and by the use of 
surfactants. 

These compositions may also contain adjuvants such as preservative, wetting agents, 
emulsifying agents, and dispersing agents. Prevention of the action of microorganisms may be 
ensured by the inclusion of various antibacterial and antifungal agents, for example, paraben, 
chlorobutanol, phenol sorbic acid, and the like. It may also be desirable to include isotonic 
agents such as sugars, sodium chloride, and the like, Prolonged absorption of the injectable 
pharmaceutical form may be brought about by the inclusion of agents which delay absorption 
such as aluminum monostearate and gelatin. 

In some cases, in order to prolong the effect of the drug, it is desirable to slow the 
absorption of the drug from subcutaneous or intramuscular injection. This may be 
accomplished by the use of a liquid suspension of crystalline or amorphous material with poor 
water solubility. The rate of absorption of the drug then depends upon its rate of dissolution 
which, in turn, may depend upon crystal size and crystalline form. Alternatively, delayed 
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absorption of a parenteral^ administered drug form is accomplished by dissolving or 
suspending the drug in an oil vehicle. 

Injectable depot forms are made by forming microencapsule matrices of the drug in 
biodegradable polymers such as polylactide^polyglycolide. Depending upon the rano of drug 
to polymer and the nature of theparticular polymer employed, the rate of drug release can be 
controlled. Examples of other biodegradable polymers include poly(orthoesters) and 
poly(anhydrides) Depot injectable formulations are also prepared by entrapping the drug m 
liposomes ormicroemulsions which are compatible with body tissues. 

The injectable formulations can be sterilized, for example, by filtration through a 

hart™;al-~tair^ 

compositions which can be dissolved or dispersed in sterile water or other sterile injectable 

medium just prior to use. 

Solid dosage forms for oral administration include capsules, tablets, pills, powders, 
and granules, m such solid dosage forms, the active compound is mixed with at leastone 
inert, pharmaceutically acceptable excipient or carrier such as sodium citrate or dicalcium 
phosphate and/or a) fillers or extenders such as starches, lactose, sucrose, glucose, mannitol, 
and silicic acid, b) binders such as, for example, carboxymethylcellulose, alginates, gelatin, 
polyvinylpyrroUdone, sucrose, and acacia, c) humectants such as glycerol, d) disintegrating 
agents such as agar-agar, calcium carbonate, potato or tapioca starch, alginic acid, certain 
silicates, and sodium carbonate, e) solution retarding agents such as paraffin, f) absorption 
accelerators such as quaternary ammonium compounds, g) wetting agents such as, for 
example, cetyl alcohol and glycerol monostearate, h) absorbents such as kaolin and bentomte 
clay and i) lubricants such as talc, calcium stearate, magnesium stearate, solid polyethylene 
glycols, sodium lauryl sulfate, and mixtures thereof. In the case of capsules, tablets and pills, 
the dosage form may also comprise buffering agents. 

Solid compositions of a similar type may also be employed as fillers in soft and hard- 
filled gelatin capsules using such excipients as lactose or milk sugar as well as high molecular 
weight polyethylene glycols and the like. 

The solid dosage forms of tablets, dragees, capsules, pills, and granules can be 
prepared with coatings and shells such as enteric coatings and other coatings weU known m the 
pharmaceutical formulating art. They may optionally contain opacifying agents and can also be 
ofacomposition that they release the active ingredient^only.orpreferentiaUy.macertam 
part of the intestinal tract, optionally, in a delayed manner. Examples of embedding 
compositions which can be used include polymeric substances and waxes. 

The active compounds can also be in micro-encapsulated form, if appropriate, with one 
or more of the above-mentioned excipients. 
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Liquid dosage forms for oral administration include pharmaceutical acceptable 
emulsions, solutions, suspensions, syrups and elixirs. In addition to the active compounds, 
the Uquid dosage forms may contain inert diluents commonly used in the art such as, for 
example, water or other solvents, solubilizing agents and emulsifiers such as ethyl alcohol, 
isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene 
glycol, 1,3-butylene glycol, dimethyl formamide, oils (in particular, cottonseed, groundnut, 
corn, germ, olive, castor, and sesame oils), glycerol, tetrahydrofurfuryl alcohol, polyethylene 
glycols and fatty acid esters of sorbitan, and mixtures thereof. 

Besides inert diluents, the oral compositions can also include adjuvants such as wetting 
agents, emulsifying and suspending agents, sweetening, flavoring, and perfmrdng-agents, 

Suspensions, in addition to the active compounds, may contain suspending agents as, 
for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan esters, 
microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar, and tragacanth, and 
mixtures thereof. 

Topical aclministration includes administration to the skin or mucosa, including surfaces 
of the lung and eye. Compositions for topical administration, including those for inhalation, 
may be prepared as a dry powder which may be pressurized or non-pressurized. In non- 
pressurized powder compositions, the active ingredient in finely divided form may be used in 
admixture with a larger-sized pharmaceutically acceptable inert carrier comprising particles 
having a size, for example, of up to 100 micrometers in diameter. Suitable inert carriers 
include sugars such as lactose. Desirably, at least 95% by weight of the particles of the active 
ingredient have an effective particle size in the range of 0.01 to 10 micrometers. 

Alternatively, the composition may be pressurized and contain a compressed gas, such 
as nitrogen or a liquified gas propellant The liquified propellant medium and indeed the total 
composition is preferably such that the active ingredient does not dissolve therein to any 
substantial extent The pressurized composition may also contain a surface active agent. The 
surface active agent may be a Uquid or soUd non-ionic surface active agent or may be a soUd 
anionic surface active agent It is preferred to use the soUd anionic surface active agent in the 

form of a sodium salt 

A further form of topical aaministration is to the eye, as for the treatment of immune- 
mediated conditions of the eye such as automimmue diseases, aUergic or inflammatory 
conditions, and corneal transplants. The compound of the invention is deUvered in a 
pharmaceuticaUy acceptable ophthalmic vehicle, such that the .compound is maintained in 
contact with the ocular surface for a sufficient time period to aUow the compound to penetrate 
the corneal and internal regions of the eye, as for example the anterior chamber, posterior 
chamber, vitreous body, aqueous humor, vitreous humor, cornea, iris/cUary, lens, 
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choroid/retina and sclera. Thepharmaceutically acceptable ophthalmic vehicle may, for 
example, be an ointment, vegetable oil or an encapsulating material. 

Compositions for rectal or vaginal administration are preferably suppositories which 
can beprepared by mixing the compounds of this invention with suitable non-imtatmg 
excipients or carriers such as cocoa butter, polyethylene glycol or a suppository wax which are 
soMatroomtempemmrebutUquidatbodytemperamreandmereforemeltmmer^^ 

vaginal cavity and release the active compound. 

Compounds of the present invention can also be administered in the form of liposomes. 
As is known in the art, liposomes are generally derived from phospholipids or other lipid 

substance liposcim^ 

dispersedinan aqueous medium. Any non-toxic, physiologically acceptable and metabohzable 
lipid capable of forming liposomes can be used. The present compositions in liposome form 
can contain, in addition to a compound of the present invention, stabilizers, preservatives, 
excipients, and the like. The preferred lipids are the phospholipids and the phosphatidyl 
cholines aecithins), both naturaland synthetic. Methods to form liposomes are known in the 
art See, for example, Prescott, Ed., Methods in CM Biology. Volume XIV, Academic Press, 
New York, N.Y. (1976), p. 33 et seq. 

The compounds of the invention may be prepared using one or more of the processes 
which follow. The startingmaterials for usein these processes are preferably one of the 
macrolides isolated from culture media obtained in accordance with known methods by 
fermentation of microorganisms of the genus S^my^, which are disclosed in European 
Patent Application No. 0184162. Samples are available from the Fermentation Research 
Institute, Tsukuba, Ibaraki 305, Japan under the provisions of the Budapest Treaty , under 
depositNo. FERM BP-927. This strain has been redeposited on April 27, 1989 with the 
Agricultural Research Culture Collection International Depository , Peoria, Illinois 61604, 
USA under the provisions of the Budapest Treaty, under deposit No. NRRL 18488. The 
macrolide FR-900520 (European Patent Application 0184162), also known as ascomycin, may 
be prepared in accordance to the published methods of © H. Hatanaka, M. Iwami, T. Kino, T. 
Goto and M. Okuhara, FR-900520 and FR-900523, Novel immunosuppressants isolated from 
Astreptomyces. L Taxonomy of the producing strain. J. Antibiot, 1988. XLI(11), 1586- 
1591; (ii) H. Hatanaka, T. Kino, S. Miyata, N. Inamura, A. Kuroda, T. Goto, H. Tanaka and 
M Okuhara FR-900520 and FR-900523, Novel immunosuppressants isolated from A 
streptomycel U. Fermentation, isolation and physico-chemical and biological charmed 
J. Antibiot., 1988. XLI(ll), 1592-1601; (iii) T. Arai, Y. Koyama, T. Suenaga and H. 
Hond^Ascomycin, An Antifungal Antibiotic. J. Antibiot., 1962. 15(231-2); and (iv) T. Arai 
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in U.S. Patent No. 3,244,592. One or more of the processes discussed below may be then 
employed to produce the desired compound of the invention.. 
Such processes comprises: 

(a) producing a compound of formulae I-VHI, which contains a CH-OR group, by 
selective activation of a selected CH-OH group in a corresponding compound wherein -OR is a 
leaving group which is easily displaced by nucleophilic attack. 

(b) producing a compound of formulae I- Vm, which contains a CH-N3 group, by 
selective displacement of an -OR group in a corresponding compound. 

(c) producing a compound of formulae I-Vm, which contains a CH-NH 2 group, by 
selective reduction of a CH-N3 group in a.corresponding compound. 

(d) producing a compound of formulae I-VHI, which contains a CH-NHCOR group, 
by selective acylation of a CH-NH 2 group in a corresponding compound wherein R is selected 
from hydrogen, aryl, arylalkyl, alkyl, heterocyclic, heterocyclic alkyl, cycloalkyl, and 
cycloalkylalkyl. 

(e) producing a compound of formulae I-VHI, which contains a CH-NR1R2 group, by 
selective alkylation of a CH-NH2 group in a corresponding compound wherein Ri and R2 are 
independently selected from hydrogen, aryl, arylalkyl, alkyl, heterocyclic, heterocyclic alkyl, 
cycloalkyl, and cycloalkylalkyl. 

(f) producing a compound of formulae I-VHI, which contains a CH-NHC(=X)NH-R 
group, by selective urea or thiourea formation from a CH-NH2 group in a corresponding 
compound wherein R is selected from hydrogen, aryl, arylalkyl, alkyl, heterocyclic, 
heterocyclic alkyl, cycloalkyl, and cycloalkylalkyl, and X is oxygen or sulfur. 

(g) producing a compound of formulae I-VHI, which contains a CH-NH-SO2R group, 
by selective sulfonylation of a CH-NH 2 group in a corresponding compound wherein R is 
selected from aryl, arylalkyl, alkyl, cycloalkyl, cycloalkylalkyl, heterocyclic alkyl and 
heterocyclic. 

(h) producing a compound of formulae I-VHI, which contains a CH-NH-C(=0)OR 
group, by selective carbamate formation from a selected CH-NH2 group in a corresponding 
compound wherein R is selected from aryl, cycloalkyl, cycloalkyl alkyl, alkyl, heterocyclic 
alkyl, heterocyclic and arylalkyl. 

(i) producing a compound of formulae I-Vm, which contains a CH-NH-C(=NH)NH 2 
group, by selective guanidinium formation from a CH-NH 2 group in a corresponding 
compound. 

(j) producing a compound of formulae I-Vm, which contains a CH-NH-SR group, by 
selective sulfenylation of a CH-NH 2 group in a corresponding compound wherein R is selected 
from aryl, arylalkyl, alkyl, cycloalkyl, cycloalkylalkyl, heterocyclic alkyl and heterocyclic. 
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(k) producing a compound of formulae I-Vm, which contains a CH-X group, by 
selective halogenation of a CH-OH group in a corresponding compound wherein X is selected 
from chlorine, bromine, fluorine and iodine. 

(1) producing a compound of formulae I-Vm, which contains a CH-P(0)(OR) 2 group, 
by selective phosphonic acid ester formation of a CH-X group in a corresponding compound 
wherein R is selected from alkyl, arylalkyl, and aryl. 

(m) producing a compound of formulae I-VHI, which contains a CH-0-P(0)(OR) 2 
group, by selective phosphorylation of a CH-OH group in a corresponding compound wherein 
R is selected from alkyl, arylalkyl, and aryl. 

(n) producing a compound of formulae I-Vm, which contains a CH-S-R group, by 
selective thioetber formation from a CH-OH group in a corresponding compound wherein R is 
selected from cycloalkyl, cycloalkyl alkyl, heterocyclic, heterocylic alkyl, alkyl, arylalkyl, and 
aryl. 

(o) producing a compound of formulae I-VHI, which contains a CH-0-C(=S)-OR 
group, by selective aryl- or alkyloxythiocarbonylation of a CH-OH group in a corresponding 
compound wherein R is selected from cycloalkyl, cycloalkyl alkyl, heterocyclic, heterocylic 

alkyl, alkyl, arylalkyl, and aryl. 

(p) producing a compound of formulae I-Vm, which contains one or more CH-O-R 
groups, by selective ether formation of one or more OK)H groups in a corresponding 
compound wherein R is selected from cycloalkyl, cycloalkyl alkyl, heterocyclic, heterocylic 
alkyl, alkyl, arylalkyl aryl, lower alkoxycarbonylalkyl, arylalkoxycarbonylaikyl, and 
arylalkylcarbonylalkyl. 

(q) producing a compound of formulae I-VIH, which contains a CH- 
(substimted)phthalimide group, by selective cyclic imide formation using a CH-NH 2 group in a 
corresponding compound. 

(r) producing a compound of formulae I-Vm, which contains a CH-NH-P(=Y)R2 
group, by selective phosphinamide formation from a CH-NH 2 group in a corresponding 
compound wherein R is phenyl, or substituted phenyl and Y is oxygen or sulfur. 

(s) producing a compound of formulae I-Vm, which contains CH-N-P(=Y)(OR) 2 
group, by selective phosphoramide formation from a CH-NH 2 group in a corresponding 
compound wherein R is phenyl, arylalkyl, or substituted phenyl and Y is oxygen or sulfur. 

(t) producing a compound of formulae I-Vm, which contains a CH 2 group, by 
selective deoxygenation of a CH-0-C(=S)-OR group in a corresponding compound. 

(u) producing a compound of formulae I-VHI, which contains a C(OH)=CH-C(=0) or 
a C(=0)-CH 2 -C(=0) group, by selective oxidation of a CH(OH)-CH 2 -C(=0) group in a 
corresponding compound. 
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(v) producing a compound of formulae I- VIII, which contains a C(=0)-CRiR2-C(=0) 
group, by selective alkylation of a C(OH)=CH-C(=0) or a C(=0)-CH2-C(=0) group in a 
corresponding compound wherein Ri and R2 are independently selected from hydrogen, aryl, 
cycloalkyl, cycloalkyl alkyl, alkyl, heterocyclic alkyl, heterocyclic and arylalkyl, but both 
cannot be hydrogen. 

(w) producing a compound of formulae I- VIE, which contains a C(=0)-CRiR2-C(=0) 
group, by selective halogenation of a C(OH)=CH-C(=0) or a C(=0)-CH2-C(=0) group in a 
corresponding compound wherein Ri and R2 are independently selected from fluorine, 
chlorine, bromine and iodine. 

(x) producing a compound of formulae I-Vm, which contains a C(=0)-CH(OH> 
G(=Q) group, by selective oxidation of a C(OH)=CH-C(=0) or a C(=0)-CH2-C(=0) group in 
a corresponding compound. 

(z) producing a compound of formulae I-Vm, which contains a C(=0)-C(N2)-C(=0) 
group, by selective diazotization of a C(OH)=CH-C(=0) or a C(=0)-CH2-C(=0) group in a 
corresponding compound. 

(aa) producing a compound of formulae I-VTQ, which contains a C(=CH-R)-CH2- 
C(=0) group, by selective olefination of a C(OH)=CH-C(=0) or a C(=0)-CH2-C(=0) group 
in a corresponding compound wherein R is selected from lower alkyl and arylalkyl. 

(bb) producing a compound of formulae I- VIE, which contains a C(OCOR)=CH- 
C(=0) group, by selective 0-acylation of a C(OH)=CH-C(=0) or a C(=0)-CH2-C(=0) group 
in a corresponding compound wherein R is selected from aryl, cycloalkyl, cycloalkyl alkyl, 
alkyl, heterocyclic alkyl, heterocyclic and arylalkyl. 

(cc) producing a compound of formulae I- VIII, which contains a C(NH-R)=CH- 
C(=0) group, by selective amination of a C(OH)=CH-C(=0) or a C(=0)-CH2-C(=0) group in 
a corresponding compound wherein R is selected from alkylamine, arylalkylamine, arylamine 
and amino acid derivatives. 

(dd) producing a compound of formulae I- VIII, which contains C(0)-C(=CH-R)- 
C(=0) group, by selective alkylidene formation of a C(OH)=CH-C(=Q) or a C(=0)-CH2- 
C(=0) group in a corresponding compound wherein R is selected from hydrogen, aryl, 
cycloalkyl, cycloalkyl alkyl, alkyl, heterocyclic alkyl, heterocyclic and arylalkyl. 

(ee) producing a compound of formulae I- VIE, which contains a carbon-carbon double 
bond, by elimination of HL from a corresponding compound, where L is a leaving group. 

(ff> producing a compound of formulae I- VQI, which contains a quinoxaline, 
benzoquinoxaline, pyrazino[2,3-d]pyridazine, pyrido[3,4-b]pyrazine, or a pteridine by 
condensation of a 1,2-dicarbonyl or masked 1,2-dicarbonyl groups of a corresponding 
compound with an appropriate aromatic diamine. 
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(gg) producing a compound of formulae I-VHI, which contains one or more hydroxyl 
groups, by selective reduction of one or more C=0 groups of a corresponding compound. 

(hh) producing a compound of formulae I-VHI, which contains one dihydro- 
benzo[l,5]thiazepine, by reaction of an alpha,beta-unsaturated ketone of a corresponding 
compound with an appropriate 2-aminothiophenol. 

(ii) producing a compound of formulae I-VHI, which contains one or more carbonyl 
groups, by selective oxidation of one or more hydroxyl groups of a corresponding compound. 

CD producing a compound of formulae I-VHI, by selective reaction of one of the 
carbonyl groups of a corresponding compound and dithiols. 

(kk) producing a compound of formulae I-VHI, which contains an oxime group, by 
selective reaction of one of the carbonyl groups of a corresponding compound with hydroxyl 
amine or O-alkylated hydroxyl amines. 

01) producing a compound of formulae I-VHI, which contains a pyrazole system, by 
condensation of a 1,3-dicarbonyl group of a corresponding compound and appropriate 
hydrazines. 

(mm) producing a compound of formulae I-VHI, which contains a substituted 
pyrimidine system, by condensation of the 1,3-dicarbonyl group of a corresponding compound 
with appropriate amidines, guanidines, isoureas, ureas and thioureas. 

(nn) producing a compound of formulae I-VHI, which contains a furan system, by 
reaction of the 1,3-dicarbonyl group of a corresponding compound with appropriate diazoacetic 

esters or diazomethyl ketones. 

(oo) producing a compound of formulae I-VHI, which contains an isoxazole system, 
by condensation of the 1,3-dicarbonyl group of a corresponding compound with hydroxyl 
amine. 

(pp) producing a compound of formulae I-VHI, which contains a pyridine system, by 
condensation of the 1,3-dicarbonyl group of a corresponding compound with appropriate 
malonic acid derivatives or cyanoacetic acid derivatives. 

(qq) producing a compound of formulae I-VHI, which contains a 
benzo[l,5]thiazepine, benzo[1.5]oxazepine or benzo[l,5]diazepine system, by condensation of 
the 1,3-dicarbonyl group of a corresponding compound with appropriate 2-aminothiophenols, 
2-aminophenols, and 1,2-aromatic diamines. 

(rr) producing a compound of formulae I-VHI, which contains a keto-substituted furan 
system, by reaction of the 1,3-dicarbonyl group of a corresponding compound with 
appropriate aldehydes, and enol ethers. 

(ss) producing a compound of formulae I-VHI, which contains a substituted phenyl 
group, by C-arylation of a 1,3-dicarbonyl group of a corresponding compound with 
appropriate l-halo-2-nitro-aromatics. 
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(uu) producing a compounds of f ormulae I-VIQ, which contains a 2-isoxazoline, by 
nitrile oxide 1,3-dipolar cycloaddition to an enone. 

(zz) producing a compound of formulae I- VIE, which contain either a beta-hydroxy 
ketone or an alpha,beta-enone, by reductive hydrolysis of a corresponding 2-isoxazoline and 
subsequent separation of the two compounds. 

(eee) producing a compound of formulae I- VIII, which contains a hydrazone, by 
selective hydrazone formation with a corresponding ketone. 

(fff) producing a compound of formulae I- VIE, which contains either an alpha- 
hydroxy, beta-keto acid or ester, by selective nucleophilic addition and subsequent benzilic acid 
type rearrangement of a corresponding compound containing a tricarbonyl moiety. 

(ggg) producing a compound of formulae I- VIII, which contains a 1,2-dicarbonyl 
system, by selective oxidative cleavage of a benzilic acid rearrangement product which has 
been derived from a corresponding compound. 

(hhh) producing a compound of formulae I- VIII, which contains an allylic alcohol, by 
selective reduction of a corresponding enone. 

(iii) producing a compound of formulae I-VHI, which contains an epoxide, by 
selective addition of the carbene arising from diazomethane across an activated carbonyl. 

(jjj) producing a compound of formulae I- VIII, which contains a carboxylic acid, by 
selective ester cleavage in a corresponding compound. 

(kkk) producing a compound of formulae I- VIE, which contains a substituted or 
unsubstituted carboxamide, by selective condensation of the corresponding amine with a 
corresponding carboxylic acid. 

(Ill) producing a compound of formulae I-VIII, which contains a 24R-hydroxyl 
substituent, by selective inversion of the naturally occurring 24S configuration. 

(mmm) producing a compound of formulae I-VIII, which contains an 
alkyloxycarbonyi hydrazone, by selective condensation of an alkyl carbazate with a 
corresponding compound of formulae I- VIII, having a ketone. 

- . (nnn) producing a compound of formulae I- VIII, which contains a C-33-alkylcarbonyl 
or polyhaloalkylcarbonyl substituent, by selective C-acylation of 32-oxo-ascomycin or a related 
analog. 

(ooo) producing a compound of formulae I-VIII, which contains a 33-diazo moiety, by 
selective diazotization of a derivative of 32-oxo-ascomycin or a related analog. 

(ppp) producing a compound of formulae I-VHI, which contains one thiazole, by 
condensation of an alpha substituted carbonyl or an alpha substituted masked carbonyl group 
of a corresponding compound with an appropriate thioamide, thiourea or with dithiocarbamic 
acid derivatives, where the alpha substituent L is a leaving group. 
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(qqq) producing a compound of formulae I-VHI, which contains one imidazole, by 
condensation of an alpha substituted carbonyl or an alpha substituted masked carbonyl group 
of a corresponding compound with an appropriate amidine, isourea or guanidine, where the 
substituent L is a leaving group. 

(rrr) producing a compound of formulae I-VHI, which contains one oxazole, by 
condensation of an alpha substituted carbonyl or an alpha substituted masked carbonyl group 
of a corresponding compound with an appropriate amide, where the substituent L is a leaving 
group. 

(sss) producing a compound of formulae I-Vm, which contains a tertiary alcohol, by 
selective addition of a Grignard reagent or an organometallic reagent to a carbonyl moiety of a 
corresponding compound. 

(ttt) producing a compound of formulae I-Vm, which contains one pyrrole, by 
cyclization of an appropriate gamma-amino alpha hydroxy carbonyl or a masked gamma-aniino 
alpha hydroxy carbonyl of a corresponding compound prepared by process (sss). 

(uuu) producing a compound of fommiae I-VHI, which contains one pyrazine, by 
condensation of a 1,2-dicarbonyl or masked 1,2-dicarbonyl group of a corresponding 
compound with an appropriate U-diaimne in the presence of an oxidizing agent 

(vw) producing a compound of formulae I-VHI, which contains one pyridine, by 
condensation of a 1,5-dicarbonyl group prepared by process (sss) of a corresponding 
compound with ammonia. 

(www) producing a compound of formulae I-VHI, which contains one pyridazine, by 
condensation of a 1,4-dicarbonyl group prepared by process (sss) of a corresponding 
compound with hydrazine. 

(xxx) producing a compound of formulae I-VHI, which contains a 1,2-thiocarbonate, 
by reacting a 1,2-diol of a corresponding compound with thiocarbonyldiimidazole or an 
appropriately activated thiocarbonate. 

(yyy) producing a compound of formulae I-VHI, which contains a U-carbonate, by 
reacting a U-diol of a corresponding compound with carbonyldiimidazole, triphosgene, 
phosgene or an appropriately activated carbonate. 

(zzz) producing a compound of formulae I-VHI, which contains a 1,2-phosphonate 
group, by reacting a U-diol of a corresponding compound with an appropriate 
alkoxyphosphonyl dichloride. 

(aaaa) producing a compound of formulae I-VHI, which contains an olefin, by 
reduction of a 1,2-thiocarbonate prepared by process (xxx) of a corresponding compound. 

(bbbb) producing a compound of formulae I-VHI, which contains a CH 2 group, by 
selective reduction of a 1,2-dicarbonyl or masked 1,2-dicarbonyl group of a corresponding 
compound. 
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(cccc) producing a compound of formulae I- VIII, which contains an indole group, by 
selective reduction and condensation of a 2-(o-nitrophenyl)-l ,3-diketone [prepared by process 
(ss)] of a corresponding compound. 

(dddd) producing a compound of formulae I- VIII, which contains a substituted triazole 
group, by cycloaddition of a CH-N3 group in a corresponding compound with appropriate 
acetylene analogues. 

(eeee) producing a compound of formulae I-VEI, which contains a substituted pyrrole 
group, by reaction of a CH-NH2 group in a corresponding compound with appropriate 
dicarbonyl compounds. 

(ffff) producing a compound of formulae I- VIII, which contains one ethanalyl group, 
first-by selective oxidation of the double bond of an allyl group to a vicinal diol, followed by 
oxidative cleavage of the diol in a corresponding compound, 

(gggg) producing a compound of formulae I- VIE, which contains one carboxymethyl 
group, by selective oxidation of an ethanalyl group in a corresponding compound, 

(hhhh) producing a compound of formulae I- VIE, which contains one alkyl 
carboxymethyl group, by esterification of a carboxymethyl group in a corresponding 
compound, 

(iiii) producing a compound of formulae I- VIE, which contains one cyclopropylmethyl 
group, by selective cyclopropanation of the double bond of an allyl group in a corresponding 
compound, 

(tilj) producing a compound of formulae I-VEI, which contains one pyrrole, by 
reaction of a 1,4-dicarbonyl group with amines in a corresponding compound, 

(kkkk) producing a compound of formulae I-VEI, which contains one furan, by 
cyclization of a 1,4-dicarbonyl group in a corresponding compound, 

Gill) producing a compound of formulae I-VEI, which contains one methyl ketone, by 
selective oxidation of the double bond of an allyl group in a corresponding compound, 

(mmmm) producing a compound of formulae I- VIE, which contains a cyano group by 
Beckmann fragmentation of an oxime derivative of an alpha-methoxy cyclohexanone in a 
corresponding compound, 

(nnnn) producing a compound of formulae I-VEI, which contains a hydrazide, by 
reduction of the corresponding hydrazone, 

(0000) producing a compound of formulae I- VIE, which contains an amine, by 
reduction of the corresponding oxime, 

(pppp) producing a compound of formulae I-VEI, which contains an alpha,beta- 
saturated ketone, by reduction of the corresponding alpha,beta-unsaturated enone, 

(qqqq) producing a compound of formulae I-VEI, which contains an isoxazoline, by 
treatment of a beta-hydroxy oxime with a dehydrating reagent, 
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(mr) producing a compound of formulae I-VHI, which contains an beta-hydroxy 
carbonyl, by treatment of a carbonyl with a base in the presence of another carboriyl moiety, 

(ssss) producing a compound of formulae I-Vm, which contains a cyclic imine, by 
treatment of an enone system with a glycine imine in the presence of base resulting in first 
Michael addition at the beta-carbon and subsequent imine formation upon aqueous workup, 

(tttt) producing a compound of formulae I-VHI, which contains a substituted pyrrole, 
by treatment of an enone with aglycine imine in the presence of an appropriate catalyst to 

induce a 1,3-dipolar cycloaddition, 

(uuuu) producing a compound of formulae I-Vm, which contains a beta-keto carbox- 
ylic acid, ester or amide, by decomposition with light or heatof an alpha diazoketone, and 

(ww) producing a compound of formulae I-VIH which contains a ketone, a product 
of decarboxylation of a beta-keto carboxylic acid, by heating. 

In process (a), suitable reagents for activation of an alcohol include acetic anhydride, 
trifluoromethanesulfonic anhydride (triflic anhydride), methanesulfonyl chloride (mesyl 
chloride), /7-toluenesulfonyl chloride (tosyl chloride), trifluoroacetic anhydride, trifluoroacetyl 
chloride, metfaoxysulfonyl fluoride (magic methyl), o-nitrobenzenesulfonyl chloride, 1-methyl- 
2-fluoropyridinium salt and the like. 

The activation may be carried out in a solvent which does not adversely affect the 
reaction (e.g., diethylether, dichloromethane, tetrahydrofuran, chloroform or N,N- 
dimethylformamide or a mixture thereof). The reaction may require cooling or heating, 
depending on the activation method chosen. Further, the reaction is preferably conducted in the 
presence of an organic or inorganic base such as an alkaline earth metal (e.g, calcium, etc.), 
alkali metal hydride (e.g. sodium hydride, etc.), alkali metal hydroxide (e.g. sodium 
hydroxide, potassium hydroxide, etc.), alkali metal carbonate (e.g. sodium carbonate, 
potassium carbonate, etc.), alkalimetal hydrogen carbonate (e.g. sodium hydrogen carbonate, 
potassium hydrogen carbonate, etc.), alkali metal alkoxide (e.g: sodium methoxide, sodium 
ethoxide, potassium terr-butoxide, etc.). alkali metal alkanoic acid (e.g. sodium acetate,.etc.), 
trialkylamine (e.g. triethylamine, etc.), pyridine compounds (e.g. pyridine, lutidine, picoline, 
4-M^-dimemylaminopyridine, etc.), quinoline, and the like, preferably in the presence of 
organic bases such as trie mylamine or pyridine. 

The activation may also be carried out using a starting material having an opposite 
configuration at a carbon center. In this situation, the following two additional steps are 
required to yield a starting material having an epimeric hydroxyl moiety, i.e. (1) the alcohol is 
oxidized to its corresponding ketone, (2) the obtained ketone is reduced under selective 
conditions. Both chiral centers having either [RJ- or [^-configuration can be obtained 
selectively and separately. 
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In process (b), suitable azide reagents include well-established alkali metal azides such 
as sodium or lithium azides (NaN3 or UN3) in the presence or absence of crown ethers, more 
reactive tetraalkylammonium azides (Danishefski, S. J.; DeNinno, M. P.; Chen, S.-H. J. Am. 
Chem Soc. 1988, 110, 3929), a copper-assisted azide reaction (Yamamoto, Y.; Asao, N. /. 
Org. Chem. 1990, 55, 5303) and a hydrogen azide-amine system (Saito, S.; Yokoyama, H.; 
Ishikawa, T.; Niwa, N.; Moriwake, T. Tetrahedron Lett 1991, 32, 663; Saito, S.; 
Takahashi, N.; Ishikawa, T.; Moriwake, T. Tetrahedron Lett. 1991, 52, 667). The azide 
displacement reaction may be canied out in a solvent which does not adversely affect the 
reaction (e.g. chloroform, dichloromethane, tetrahydrofuran, pyridine, dimethylsulfoxide, 
A^dimethylformamide, hexamethylphosphoramide, etc. or a mixture thereof). The reaction 
may be conducted above, at, or below ambient temperature. 

In process (c), the reduction may be carried out catalytically using hydrogen. Suitable 
catalysts include, but are not limited to platinum catalysts (e.g. platinum oxide, platinum 
black), palladium catalysts (e.g. palladium oxide, palladium on charcoal, palladium black, 
palladium hydroxide on charcoal, palladium on calcium carbonate poisoned with lead, 
palladium on barium carbonate with quinoline), nickel catalysts (e.g. nickel oxide, Raney 
nickel), rhodium catalysts (e.g. rhodium on alumina). Reduction may also be canied out using 
metal reducing reagents (see Review; Scriven, E. F. V.; Turnbull, K. Chem Rev. 1988, 85, 
321; Patai, S., Ed., "The Chemistry oftheAzido Group,' 1 Interscience Publishers, New York, 
1971; Scriven, E. F. V., Ed., 'Azides and Nitrenes Reactivity and Utility" Academic Press, 
Inc., New York, 1984) such as sodium borohydride under phase-transfer conditions, 
borohydride supported on an ion exchange resin, lithium aluminum hydride and the like, 
furthermore, 1,3-propanedithiol-triethylamine method (Bayley, H.; Staudring, D. N.; 
Knowles, J. R. Tetrahedron Lett. 1978, 3633), triphenylphosphine (Vaultier, M.; Knouzi, 
N.; Came, R. Tetrahedron Lett. 1983, 24, 763), and sodium tellurium hydride (Suzuki, H.; 
Takaoka, K. Chem Lett. 1984, 1733). 

The reduction may be carried out in a solvent which does not adversely affect the 
reaction (e.g., alcohols, water, acetone, dichloromethane, tetrahydrofuran, pyridine oxN>N- 
dimethylformamide or a mixture thereof). The reaction may be conducted above, at, or below 
ambient temperature. 

In process (d), suitable W-acylations may be canied out using the methods of 
symmetric carboxylic acid anhydrides, carboxylic acid halides, mixed carbonic-carboxylic 
anhydrides, active esters (p-nitrophenylester, trichlorophenyl ester, pentafluorophenyl ester, 
#-hydroxysuccinimide, cyanoethyl and the like), and carboxylic acid with suitable condensing 
reagents such as DCC (MW-dicyclohexylcarbodiimide and its related condensing agents), 
DCC-HOBt (^-dicyclohexylcarbodiimide-l-hydroxybenzotriazole), Woodward reagent K 
method, A^^-carbonyldiimidazole and phosphonium containing reagents (e.g. 
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benzotriazolyloxytristdimethylaminojphosphoniuni hexafluorophosphate, ^-bis[2-oxo-3- 
ox-azoUdinyUphosphoxodiamidic chloride, diemylphosphorobromidate, diphenylphosphoryl 
azide, bromo tris[dimethylanuno]phosphoniuni hexafluorophosphate, and the hke). Single 
reagents for amide formation include, but are not limited to formyl derivatives, acetyl hahdes 
(chloroacetyl, trichloroacetyl, c-nitrophenylacetyl, 0 -nitrophenoxyacetyl, acetoacetyl, [N- 
dithiobenzyloxycarbonylaminolacetyl and the like), and substituted propionyl derivatives 
(3-phenyIpropionyl, isobutyryl, picolinoyl, and the like). Other groups may be found in 
volume 3 of The Peptides Gross, E. and Meinhofer, J. Academic Press, 1981 and Protect 
Groups in Organic Synthesis Greene, T. W. John Wiley & Sons, New York, Chapter 1 
1981 Typically used coupling conditions are described by Gross, E.; Meinhofer, J. The 
Peptides^ vol. 3, Academic Press, 1981. The tf-acylation may be carried out in a solvent 
which does not adversely affect the reaction (e.g. acetone, dichloromethane, chloroform, 
tetrahydrofuran, W-dimemylfonnamide, dimethylsulfoxide ? diethylether, and the hke, or a 
mixture thereof). The reaction may be conducted above, at, or below ambient temperature. 

In process (e), tf-alkylations may be carried out using aldehydes or ketones-followed 
by reduction of the initially formed iminium ion {The following reagents can be used for the 
reduction; sodium cyanoborohydride-boron triflnoride or the reducmg reagents cited m process 
(c)}, corresponding halides in the presence of bases listed in process (a), or lithium dialkyl 
cuprate (King, F. E.; King, T. J.; Muir, L H. M. X Chenu Sac. 1946, 5; Yamamoto H.; 
Maruoka, K. /. Org. Chem. 1980, 45, 2739). Suitable reagents for tf-alkylation include, but 
are not limited to benzyl halide, 3,4-dimethoxybenzyl balide, nitrobenzyl halide, di(p- 
methoxyphenyDmethyl halide, triphenylmethyl halide, and me like. Omer groups may be found 
in volume 3 of The Peptides, Gross, E. and Meinhofer, L Academic Press, 1981 and 
Protective Groups in Organic Synthesis, Greene, T. W. John WUey & Sons, New York, 
Chapter 7, 198L The AT-alkylation may be carried out in a solvent which does not adversely 
affect the reaction (e.g., acetone, dichloromethane, tetrahydrofuran, pyridine or N,N- 
dimethylformamide or a mixture thereof). The reaction may be conducted above, at, or below 

ambient temperature. 

In process (f), urea formation may be carried out from the following reactions; reaction 
with silicon tetraisocyanate or silicon tetraisothiocyanate (Neville, R. G.; McGee, J. J. Can. J. 
Chem 1963 41, 2123), reaction with AT^carbonyloliniidazole or N,N- 
tMocarbonyldiimidazole, foUowed by ^-substituted primary or secondary amines or ammonia 
(Staab, H. A.; Wendel, K. Org. Synth. 1968, 48, 44), and reaction with phosgene or 
thiophosgene in the presence of gamine, followed by ^-substituted primary or secondary 
amines or ammonia. The ureido formation may be carried out in a solvent which does not 
adversely affect the reaction (e.g. acetone, toluene, dichloromethane, tetrahydrofuran, 
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pyridine, A^dimemylformamide, etc. or a mixture thereof). The reaction may be conducted 
above, at, or below ambient temperature. 

In process (g), N-sulfonylation may be carried out using substituted sulfonylhalides in 
the presence of suitable /erf-amines such as trialkylamine, pyridine, and the like (Remers, W. 
A.; Roth, R. H.; Gibs, G. J.; Weiss, M. J. J. Org. Chem. 1971, 36, 1232). Suitable reagents 
include, but are not limited to benzenesulfonyl haHde,p-methyoxybenzenesulfonyl halide, 
2,4,6-trimethylbenzenesulfonyl halide, toluenesulfonyl halide, benzylsulfonyl halide, p- 
methoxybenzylsulfonyl halide, trifluoromethylsulfonyl halide, phenacylsulfonyl halide, and the 
like. Some other representative groups may be found in volume 3 of The Peptides, Gross, E. 
and Meinhofer, J. Academic Press, 1981 and Protective Groups in Organic Synthesis, 
Greene, T. W. John Wiley & Sons, New York, Chapter 7, 1981. The tf-aryl- or 
alkylsulfonylation may be carried out in a solvent which does not adversely affect the reaction 
(e.g., acetone, dichloromethane, tetrahydrofuran, pyridine or tyW-dimemylformamide or a 
mixture thereof). The reaction may be conducted above, at, or below ambient temperature. 

In process (h), N-carbamate formations may be carried out using common protecting 
groups for amino group such as, but not limited to methylcarbamates (cyclopropylmethyl, 9- 
flubrenylmethyl, and the like), substituted ethylcarbamates (2,2,2-trichloroethyl, 2- 
phosphonoethyl, 2-methylthioethyl, and the like), substituted propyl and isopropylcarbamates 
(1,1-dimethylpropynyl, l-methyl-l-(4-biphenylyl)ethyl, rm-butyl, phenyl, /Miitrobenzyl, 8- 
quinolyl, W-hydroxypiperidinyl, benzyl, dimethoxybenzyl, 9-anthrylmethyl, 1-adamantyl, 
cyclohexyl, terr-amyl, cinnamoyl, isobutyl, N -p-phenylaminothiocarbonyl, N'- 
piperidinylcarbonyl, diphenylmethyl, and the like). Preparations of N-carbamates and other 
groups may be found in volume 3 of The Peptides, Gross, E. and Meinhofer, J. Academic 
Press, 1981 and Protective Groups in Organic Synthesis, Greene, T. W. John Wiley & Sons, 
New York, Chapter 7, 1981. The W-carbamate formation may be carried out in a solvent 
which does not adversely affect the reaction (e.g., acetone, dichloromethane, tetrahydrofuran, 
pyridine or N f //-dimethylformamide or a mixture thereof). The reaction may be conducted 
above, at, or below ambient temperature. 

In process (i), N-guanidium formation may be carried out using several common 
reagents such as l-guanyl-3,5-dimethylpyrazole (Salvadori, S.; Sarto, G. P.; Tomatis, R. Eur. 
J. Med. Chem. Chim. Ther. 1983, 18, 489), O-methylisourea (Van Nispen, J. W.; Tesser, 
G. I.; Nivard, R. J. F. Int. J. Peptide Protein Res. 1977, 9, 193), and thiourea sulfonylate 
(Maryanoff, C. A.; Stanzione, R. C; Plarapin, J. N.; Mills, J. E. /. Org. Chem. 1986, 51, 
1882). The //-guanidinium formation may be carried out in a solvent which does not adversely 
affect the reaction (e.g., acetone, dichloromethane, tetrahydrofuran, pyridine or N,N- 
dimethylformamide or a mixture thereof). The reaction may be conducted above, at, or below 
ambient temperature. 
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In process (j), ^sulfenamides may be prepared from an amine and a sulfenyl halide 
(Davis. F. A.; Nadir, U. K. Org. Prep. Proc. Int. 1979, 11, 33; Kobayashi, T.; lino, K.; 
Hiraoka, T. J. Am. Chem. Sac. 1977, 99, 5505; Zervas, L.; Borovas, D.; Gazis, E. J. Am. 
Chem. Sac. 1963, 55, 3660). Suitable reagents include, but are not limited to benzenesulfenyl 
halide o-nitrobenzenesulfenyl halide, 2,4-dinitrosulfenyl halide, pentacMorobenzenesulfenyl 
halide, 2-nitro^methoxybenzenesulfenyl halide, triphenylmethylsulfenyl halide, and the like. 
Other groups may be found in volume 3 of The Peptides, Gross, E. and Memhof er, J. 
Academic Press, 1981 and Protective Groups in Organic Synthesis, Greene, T. W. John 
Wiley & Sons, New York, Chapter 7, 1981. The tf-sulfenylation may be earned out in a 
solvent which does not adversely affect the reaction (e.g., acetone, dichloromethane, 
tetrahydrofuran, pyridine orAT^-dimethylformainide or amixture thereof). The reaction may 
be conducted above, at, or below ambient temperature, 

Li process (k), suitable halogenation reagents include, but are not limited to 
triphenylphosphine with halogens (Verheyden, J. P. H.; Moffatt, J. G. J. Am. Chem. Sac. 
1964, 86, 2093; Bergman, R. G. ibid., 1969, 91, 7405; Hrubiec, R. T.; Smith, M. B. J. 
Org Chem., 1983, 48, 3667), triphenylphosphine with cyanogen halides (Horner, L.; 
Oedlger, H, Hoffmann, H. Annalen Chem. 1959, 626, 26), triphenylphosphine with carbon 
tetrahalides (Hooz, J.; Gilani, S. S. H. Can. I Chem. 1968, 46, 86; Chem. Commun. 
1968 1350), triphenylphosphine with NBS (tf-bromosuccmimide)(Schweizer, E. E.; 
Creasy, W. S.; Light, K. K.; Shaffer, E. T. /. Org. Chem. 1969, 34, 212), and 
triphenylphosphine with hexachloroacetone (Magid, R, M.; Stanley-Fruchey, O.; Johnson, W. 
L Tetrahedron Lett. 1977, 2999; Magnid, R. M.; Stanley-Fruchey, O.; Johnson, W. L.; 
Allen T G J Org. Chem. 1979, 44, 359). The halogenation may also be accomplished by 
other reagents such as mono- or tri-alkylsilyl halides with or without sodium halides (Olah, G. 
A.; Husain, A, Singh, B. P, Mehrota, A: K. /. Org, Chem. 1983, 48, 3667; Balme, G.; 
Fournet, G.; Gore, J. Tetrahedron Lett. 1986. 27, 1907), polymer bound trimethylsilyl. 
derivatives (Cainelli, G.; Contento, M.; Manescalchi, F.; Plessi, L.; Panunzio, M. Synthesis 
1983 306- Jmamoto, T.; Matsumoto, T.; Kusumoto, T.; Yokoyama, M. Synthesis 1983, 
460) V^-dichlorophosphoramidic dichloride (Chem. Lett. 1978, 923), phosphorus 
trihaiide-zinc halide (Anderson, Jr. A. G.; Owen, N. E. T.; Freenor, F. J.; Erickson, D. ^ 
Synthesis 1976, 398), diethylaminosulfur trifluoride (Middleton, W. J. /. Org. Chem. 1975, 
40 574), triphenoxyphosphonium alkyl halide (Rydon, H, R Org. Synth. 1971, 51, 44; 

Verheyden, J. P. H.; Moffatt, J. G. J. Org. Chem. 1972, 37, 2289), and the like. 

ThehalogenationmaybecarriedoutmasolventwMchdoesnotadverselyaffectthe 

reaction (e.g., acetone, dichloromethane, tetrahydrofuran, pyridme or iv^-dimethylfonnamide 
or ainixture thereof). The reaction may be conducted above, at, or below ambient temperature. 
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. In process (1), phosphonic acid ester formation may be carried out using Michaelis- 
Arbuzov reactions (Bhattacharya, A. K.; Thyagarajan, G. Chem. Rev. 1981, 87, 415; Bauer, 
G.; Haegele, G. Angew. Chem Int. Ed. Engl. 1977, 16, 477). 

The phosphonic acid ester formation may be carried out in a solvent which does not 
adversely affect the reaction (e.g., acetone, dichloromethane, tetrahydrofuran, pyridine or 
tf,AT-dimethylformamide or a mixture thereof). The reaction may be conducted above, at, or 
below ambient temperature. 

In process (m), phosphorylation may be carried out using, but is not limited to the 2- 
halo-2-oxo-l,3^-dioxaphospholane-triethylamine reaction (Chandrarakumar, N. S.; Hajdu, J. 
J. Org. Chem. 1983, 48, 1 197). The phosphorylation may be carried out in a solvent which 
does not adversely affect the reaction (e.g., benzene, toluene, acetone, dichloromethane, 
tetrahydrofuran or AT, A^dimethylfoimamide or a mixture thereof). Further, the reaction is 
preferably conducted in the presence of organic or inorganic bases, as described in process (a), 
preferably in the presence of organic bases such as triethylamine, pyridine etc. The reaction 
may be conducted above, at, or below ambient temperature, more preferably from 0 to 50 C. 

In process (n), thioether formation may be carried out using, but is not limited to aiyl- 
or alkylmercaptan in the presence of suitable rert-amines such as trialkylamine, pyridine, and 
the like. The reaction may also be carried out by a metal-catalyzed thioether formation 
(Guindon, Y; Frenette, R; Fortin, R.; Rokach, J. J. Org. Chem. 1983, 48, 1357), alkali metal 
salts of aryl- or alkylmercaptans with a compound of formulae I-VDI which contains CH-OR 
group (OR is the leaving group). The alkali metal may be selected from sodium, potassium, 
lithium, and cesium. The thioether formation may be carried out in a solvent which does not 
adversely affect the reaction (e.g. acetone, dichloromethane, tetrahydrofuran, pyridine, N,N- 
dimethylformamide, etc. or a mixture thereof). The reaction may be conducted above, at, or 
below ambient temperature. 

In process (o), aryl- or alkyloxythiocarbonylation may be carried out using aryl- or 
alkyloxythiocarbonylchloride or corresponding halides in the presence of suitable terf-amines 
such as trialkylamine, pyridine, and the like. The aryl- or alkylthiocarbonylation may be carried 
out in a solvent which does not adversely affect the reaction (e.g. acetone, dichloromethane, 
tetrahydrofuran, pyridine, iV,N-dimethylfonnamide etc. or amixture thereof). The reaction 
may be conducted above, at, or below ambient temperature. 

In process (p), ether formation may be carried out using, but is not limited to aryl-, 
axylalkyl-, or alkylhalides in the presence of KY-zeolite (Onaka, ML; Kawai, M.; Izumi, Y. 
Chem. Lett. 1983, 1101), polymeric materials (Kimura, Y.; Kirszensztejn, P.; Regen, S. L. 
J. Org. Chem. 1983, 48, 385), nickel-catalysis (Camps, F.; Coll, J.; Moreto, J. M. Synthesis 
1982, 186; Yamashita. Synthesis 1977, 803), arylalkyl-O-p-toluenesulfonate (Dewick, P. M. 
Synth. Commun. 1981, 77, 853), potassium or sodium alkoxides (Bates, R. B.; Janda, K. 
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D J. Org. Chem. 1982, 47, 4374), pyridine or other bases (.Chem. Lett. 1978, 57), 
tetraalkylammonium halide (Miller, J. M.; So, K. BL; Clark, J. H. Can. J. Chem. 1979, 
1887) mercury perchlorate (McKillop, A.; Ford, M. E. Tetrahedron 1974, 30, 2467), or a 
phase transfer catalyst (McKillop, A.; Fiaud, J.-G; Hug, R. P. Tetrahedron 1974, 30, 1379). 
The ether formation may also be carried out with dialkyl- or diarylphosphoric acid in the 
presence of p-toluenesulfonic acid (Kashman, Y. /. Org. Chem. 1972, 37, 912), or with 
diazo compounds with tinOD chloride (Christensen, L. F.; Broom, A. D. /. Org. Chem. 
1972, 37, 3398). The ether formation may be carried out in a solvent which does not 
adversely affect the reaction (e.g. acetone, dichloromethane, tetrahydrofuran, pyridine, N,N- 
dimethylfoimamide, etc. or a mixture thereof). The reaction may be conducted above, at, or 

below ambient temperature. 

More specifically, O-alkylation may be carried out using bromoacetic acid derivatives, 
iodoacetic acid derivatives, trifluoromethanesulfonyloxy acetic acid derivatives and the like in 
the presence of an appropriate base such as ttiethylamine. The reaction is performed in an inert 
solvent such as N^-dimethylformamide or dichloromethane preferably between -50 "C and 80 
°C Alternatively, alkylation can be carried out using alkyl diazoacetates in the presence of a 
metalcatalyst, for example Rh(OAc) 2 in an inert solvent such as dichloromethane preferably 
between -20 °C and 80 °G 

In process (q), tf-cyclic imide formations may be carried out using phthalic anhydride 
(Sasaki, T.; Minamoto, K.; Itoh, H. /. Org. Chem. 1978, 43, 2320), o- 
methoxycarbonylbenzoyl chloride with trialkylamine (Hoogwater, D. A.; Reinhoudt, D. N.; 
Lie, T. S.; Gunneweg, J. J.; Beyerman, H. C. Reel Trav. Chim. Pays-Bos. 1973, 92, 819), 
or AT-emoxycarbonylphmalimide (Nefkens, G. H. L.; Tesser, G. I.; Nivard, R. J. F. Reel. 
Trav Chim. Pays-Bas. 1960, 79, 688). Other groups and reagents may be found in volume 
3 of The Peptides, Gross, E. and Meinhofer, J. Academic Press, 1981 and Protective Groups 
in Organic Synthesis, Greene, T. W. John Wiley & Sons, New York, Chapter 7, 1981. The 
tf-cyclic imide formation may be carried out in a solvent which does not adversely affect the 
reaction (p.g. acetone, dichloromethane, tetrahydrofuran, pyridine, ^-dimethylformamide, 
etc. or a mixture thereof). The reaction may be conducted above, at, or below ambient 

temperature. . 

In process (r), iV-phosphinamide formation may be carried out using, but is not limited 
to phosphinyl chloride with AT-methylmorpholine (Kenner, G. W.; Moore, G. A.; Ramage, R. 
Tetrahedron Lett. 1976, 3623). Suitable reagents include, but are not limited to 
diphenylphosphinyl chloride, dimethyl- or diphenylthiophosphinyl chloride, dibenzyl- or 
diphenylphosphinyl chloride. Other groups and conditions may be found in volume 3 of The 
Peptides, Gross, E. and Meinhofer, J. Academic Press, 1981 and Protective Groups in 
Organic Synthesis, Greene, T. W. John Wiley & Sons, New York, Chapter 7, 1981. The N- 
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phosphinamide formation may be earned out in a solvent which does not adversely affect the 
reaction (e.g. acetone, dichloromethane, tetrahydrofuran, pyridine, A^dimethylformamide, 
etc. or a mixture thereof). The reaction may be conducted above, at, or below ambient 
temperature. 

In process (s), tf-phosphoramide formation may be carried out using, but is not limited 
to diphenylphosphoryl chloride with a terf-amine-base (Adams, E.; Davis, N. C; Smith, E. L. 
J. Biol Chertu 1952, 199, 845), and triethylbenzylammonium chloride (Zwierzak, A. 
Synthesis 1975, 507; Zwierzak, A.; Piotrowicz, J. B. Angew. Chem. Int. Ed. Engl 1977, 
16, 107). Suitable reagents include, but are not limited to diphenylphosphoryl chloride, 
dimethyl- or diphenylthiophosphoryl chloride, dibenzyl- or diphenylphosphoryl chloride. 
Other groups and conditions may be found in volume 3 of The Peptides, Gross, E. and 
Meinhofer, J. Academic Press, 1981 and Protective Groups in Organic Synthesis, Greene, T. 
W. John Wiley & Sons, New York, Chapter 7, 1981. The tf-phosphinamide formation may 
be carried out in a solvent which does not adversely affect the reaction (e.g. acetone, 
dichloromethane, tetrahydrofuran, pyridine, MA^dimethylformamide, etc. or a mixture 
thereof). The reaction may be conducted above, at, or below ambient temperature. 

In process (t), deoxygenation may be carried out using, but is not limited to 
phenoxythiocarbonyl derivative with tributyltin hydride and 2,2-azobis-2-methylpropionitrile 
(AIBN) (Robins, M. J.; Wilson, J. S.; Hansske, F. J. Am. Chem Soc. 1983, 105, 4059; 
Barton, D. H. R.; McCombie, S. W. 7. Chem. Soc, Perkin Trans.l 1975, 1574), or a 
phenyldithiocarbonyl derivative with tributyltin hydride and AIBN (Hayashi, T.; Iwaoka, T.; 
Takeda, N.; Ohki, E. Chem. Pharm. Bull. 1978, 26, 1786). The deoxygenation may be 
carried out in a solvent which does not adversely affect the reaction (e.g. acetone, 
dichloromethane, tetrahydrofuran, pyridine, A^dimethylformamide, etc. or a mixture 
thereof). The reaction may be conducted above, at, or below ambient temperature. 

In process (u), suitable oxidizing reagents include activated dialkyl sulfoxides (e.g. 
dimethylsulfoxide, methylethylsulfoxide) (Mancuso, A. J.; Swern, D. Synthesis 1981, 165), 
organo chromates [e.g. pyridinium chlorochromate (Corey, E. J.; Suggs, J. W. Tetrahedron 
Lett. 1975, 2647; Corey, E. J.; Boger, D. L. Tetrahedron Lett. 1978, 2461), pyridinium 
dichromate (Corey, E. J.; Schmidt, G. Tetrahedron Lett. 1979, 5, 399), Collins reagent 
(Collins, J. C; Hess, W. W.; Frank, R J. Tetrahedron Lett. 1968, 3363)], 
tetrapropylammonium perruthenate (Griffith, W. P.; Ley, S. V.; Whitcombe, G. P.; White, A. 
D. Chem. Commun. 1987, 1625; Griffith, W. P. Aldrichimica Acta. 1990, 23, 13), and the 
like. The oxidation may be carried out in a solvent which does not adversely affect the reaction 
(e.g. acetone, dichloromethane, tetrahydrofuran, pyridine, MAT-dimethylformamide, etc. or a 
mixture thereof). The reaction may be conducted above, at, or below ambient temperature. 



WO 93/04680 



-42- 



PCT/US92/07600 



In process (v), suitable alkylating reagents include, but are not limited to aldehydes and 
ketones in the presence of reducing agents (Hrubowchak, D. M.; Smith, F. X. Tetrahedron 
Lett. 1983, 24, 4951), alkyl-, aryl, or arylalkyl halides (Shono, T.; Kashimura, S.; 
Sawamura, M.; Soejima, T. /: Org. Chem. 1988, 53, 907). In the case that the reaction is 
conducted in the presence of an organic or inorganic bases such as an alkaline earth metal (e.g. 
calcium, balium, magnesium, thallium etc.), an alkali metal hydride (e.g. sodium hydride, 
Ethium hydride, etc.), an alkali metal hydroxide (e.g. sodium hydroxide, potassium hydroxide, 
etc.), an alkali metal carbonate (e.g. sodium carbonate, potassium carbonate, etc.), an alkali 
metal hydrogen carbonate (e.g. sodium hydrogen carbonate, potassium hydrogen carbonate, 
etc.), an alkali metal alkoxide (e.g. sc<Uum meth(3xide, sodHum emoxide^malliura ethoxide, 
potassium tert-butoxide, etc.), an alkali metal alkanoic acid (e.g. sodium acetate, etc.), a 
trialkylamine (e.g. triemylamine, trimethylamine, etc.), or a pyridine compound (e.g. pyridine, 
lutidine, picoline, 4-iV^-dimemylaininopyridine, etc.), quinoline, and the like. The alkylation 
may be carried out in a solvent which does not adversely affect the reaction (e.g. acetone, 
dichloromethane, tetrahydrofuran, pyridine, Mtf-rtmefcylformamide, etc. or a mixture 
thereof). The reaction may be conducted above, at, or below ambient temperature. 

In process (w), suitable halogenation reagents include, but are not limited to halogens 
treated by irradiation (sun lamp) for several hours (Heffner, R.; Safaryn, J. E.; Joullie, M. M.; 
Tetrahedron Lett, 1987, 28, 6539) or oxalyl chloride (Evans, D. A.; Dow, R, L.; Shih, T. L.; 
Takecs, J. M.; Zahler, R. /. Am. Chem. Soc. 1990, 112, 5290). The halogenation may be 
carried outin a solvent which does not adversely affect the reaction (e.g. acetone, 
dichloromethane, tetrahydrofuran, pyridine, ^^-dimethylformamide, etc. or a mixture 
thereof). The reaction may be conducted above, at, or below ambient temperature. 

In process (x), suitable oxidation reagents include, but are not limited to 
oxortperoxymolybdenumfcyridW 
(Anderson, J. C; Smith, S. C. SYNLETT 1990, 2, 107) and 
oxodiperoxymolybdenum(pyridme)-hexamemylphosphoramide (Vedejs, E. /. Am Chem. 
Soc. 1974,96, 5944; Vedejs, E.; Engler, D. A.; Telschow, J. E. /. Org. Chem. 1978, 43, 
188). Hie oxidation may be carried out in a solvent which does not adversely affect the reaction 
(eg. acetone, dichloromethane, tetrahydrofuran, pyridine, M^dimethylformamide, etc., or a 
mixture Ihereof). The reaction may be conducted above, at, or below ambient temperature. 

In process (z), a compound of formulae I-Vm may be treated with a diazotization 
reagent Suitable diazotization reagents include, but are not limited to 
azidotrisCdfct^^ 

1990, 31, 4987), p-carboxybenzenesulfonyl azide (Hendrickson, R. G.; Wolf, W. A. J. Org. 
Chem. 1968, 33, 3610; WiUiams, M. A.; Miller, M. J. Tetrahedron Lett. 1990, 31, 1807), 
polymer boundp-toluenesulfonyl azide (Roush, W. R.; Feitler, D.; Rebek, J. Tetrahedron 
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Lett. 1974, 1391),p-toluenesulfonyl azide (Regitz, M Angew. Chem. 1967, 79, 786), 2- 
azo-3-ethylbenzthiazolium tetrafluoroborate (Balli, H.; Kersting, F. Justus LiebigsAnn. 
Chem., 1961 647, 1. Balli, H.; Low, R. Tetrahedron Lett. 1966, 5821), N M N- 
dimethylazidochloromethyleniminium chloride (Kokel, B.; Viehe, H. G. Angew. Chem. Int. 
Ed. Engl 1980, 79, 716; Kokel, B.; Boussouira, N. /. Heterocyclic Chem. 1987, 24, 
1493), and mesyl azide (Danheiser, R. L.; Miller, R. F.; Brisbois, R. G.; Park, S. Z. J. Org. 
Chem. 1990, 55, 1959). The diazotization may be carried out in a solvent which does not 
adversely affect the reaction (e.g. acetone, dichloromethane, tetrahydrofuran, pyridine, N,N- 
dimethylformamide, etc. or a mixture thereof). The reaction may be conducted above, at, or 
below ambient temperature. 

In process (aa), suitable olefination reagents include, but are not limited to Wittig 
reagents (Maecker, M., Org. React. 1965, 14, 270; Johnson, A. W., " Ylid Chemistry: 
Academic Press, New York, 1966) and CH 2 l2-Zn-TiCU [or Ti(NEt 2 )4] reagent (Hibino, J.; 
Okazoe, T.; Takai, K.; Nozaki, H. Tetrahedron Lett. 1985, 26, 5579; Okazoe, T.; Hibino, J.; 
Takai, K.; Nozaki, H. ibid. 1985, 26, 5581). The carbonyl olefination may be carried out in a 
solvent which does not adversely affect the reaction (e.g. acetone, dichloromethane, 
tetrahydrofuran, pyridine, tytf-dimethylformamide, etc., or a mixture thereof). The reaction 
may be conducted at room temperature. 

In process (bb), suitable 0-acylation reagents include, but are not limited to alkyl, aryl, 
or arylalkyl acyl halides (Lakhvich, F. A.; Khlebnicova, T. S.; Akhrem, A. A. Synthesis 
1985, 8, 784). The 0-acylation may be carried out in a solvent which does not adversely 
affect the reaction (e.g. acetone, dichloromethane, tetrahydrofuran, pyridine, N,N- 
dimethylfoimamide, etc., or a mixture thereof). The reaction may be conducted above, at, or 
below ambient temperature. 

In process (cc), suitable amination reagents include, but are not limited to amino acid 
derivatives and lower alkyl, aryl, or arylalkyl amines (Winkler, J. D.; Hershberger, P. M.; 
Springer, J. P. Tetrahedron Lett. 1986, 27, 5177). The reaction may be carried out in 
refluxing in benzene, toluene or a solvent which does not adversely affect the reaction (e.g. 
tetrahydrofuran, pyridine, M#-dimethylformamide, etc., or a mixture thereof). The reaction 
may be conducted at room temperature. 

In process (dd), the alkylidene formation may be carried out using, but is not limited to 
aldehydes and ketones with active methylene compounds. (Schonberg, A.; Singer, E. Chem. 
Ber. 1970, 103, 3871; Chatterjee, S. /. Chem. Soc. B, 1969, 725). The alkylidene 
formation may be carried out in a solvent which does not adversely affect the reaction (eg. 
acetone, dichloromethane, tetrahydrofuran, pyridine, A^dimethylformamide, etc., or a 
mixture thereof). The reaction may be conducted under cooling to heating. 
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In process (ee), L may be hydroxy, or a good leaving group (halogen, tosylate, 
mesylate or triflate, for example). When a precursor compound contains aC(OH)-CH 2 -C=0 
group the elimination of H 2 0 may be carried out in a solvent which is inert under the reaction 
conditions (e.g. toluene) with a trace of acid (e.g. toluene sulfonic acid), at a temperature 
selected from 50to 100 °C When the precursor compound contains a good leaving group, the 
elimination may be carried out in the presence of a base (e.g. triethyl amine or potassium 
carbonate), at a temperature selected from 0 to 100 °C. 

In process (ff), suitable diamines include phenylene diamine and substituted 1,2-phenyl 
diamines, 2,3-diammopyridine, 3,4-diaminopyridine, 4,5-diaminopyridazine, 4,5- 
diammopyrimidine and their acid salts, preferably in the presence of tertiary amines (e,g. N- 
methylmorpholine). Suitable solvents include methanol, ethanol, propanol, acetomtnle, 2- ^ 
butanone and ^-dimelhylformamide, and a reaction temperature selected from 50 to 100 C 

In process (gg), suitable reagents include sodium borohydride, zinc in acetic acid, 
sodium triacetoxyborohydride in acetic acid, Uthium trialkoxyaluminum hydride in 
tetrahydrofuran, potassium or Uthium tri-sec-butylborohydride in tetrahydrofuran, and 

borartf/t-butylamim^^ 

conducted at -70 °C to room temperature. 

In process (hh), suitable 2-aminothiophenols include substituted l^aminothiophenols, 
preferably in the presence of tertiary arnine(e.g.^memylmorpholine). Suitable solvents 
include methanol, ethanol andn-propanol; and the reactionmay be conducted at a temperature 

selected from 50 to 100 °G 

In process (n), the reagent to be used in this reaction may include di(lower)alkyl 
sulfoxide (e.g. dimethyl sulfoxide, ethyl methyl sulfoxide, propyl methyl sulfoxide, isobutyl 
methyl sulfoxide, butyl methyl sulfoxide, isobutyl methyl sulfoxide, hexyl methyl sulfoxide, 
etc) This reaction is usually conducted in the presence of bxalyl chloride, acid chlorides, lower 
albmoicanhycfcdesuchas^ 

influence thereactibn such as dichloromethane, acetone, ethyl acetate, tetrahydrofuran, 
pyridine, iV^-dimemylforniamide, etc., followed by the addition of a tertiary amine (e.g. 
triethyl amine). The reaction may be conducted at -70 °C to room temperature. 

In process (ij), the dithiols are lower alkyl dithiols (e.g. ethanedithiol, propanediol or 
butanedithiol) and 1,2-aryl dithiols (e.g. U-benzenedithiol) in the presence of a Uwis acid 
(e g boron trifluoride etherate or lanthanum trichloride) in a conventional solvent that does not 
adversely influence the reaction such as dichloromethane, tetrahydrofuran or ether. The 
reaction may be conducted at -70 °C and room temperature. 

In process (kk), suitable oxygen-substituted amines include hydroxyl amine, O- 
alkylhydroxyl amines, and 0-arylalkyl hydroxyl amines, for example 0-benzyl hydroxyl 
amine Suitable solvents include those that do not adversely affect the reaction, for example 
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ethanol or methanol. The reaction is preferably carried out with one equivalent of hydroxyl 
amine, and at a temperature of 25 to 100 °C, more preferably at the reflux temperature of the 
solvent. 

In process (11), suitable hydrazines include alkylhydrazines (e.g. butylhydrazine), 
arylhydrazines (e.g. phenylhydrazine), acylhydrazines (e.g. acetylhydrazine), semicarbazides 
(e.g. t-butyloxycarbonyl hydrazine) and sulfonyl hydrazines (e.g. tosyl hydrazine) in a 
conventional solvent that does not adversely affect the reaction such as tetrahydrofurah, 
methanol or ethanol. The reaction may be conducted at 20 to 100 °C. 

In process (mm), 2-substitutions on the pyrimidine may be hydrogen, alkyl, aryl, 
hydroxyl, alkoxy, thiol, amino, alkylamino, arylamino, acylamino, carbamylamino, and 
suiphonylamino groups. The appropriate pyrimidine containing compounds may be prepared 
according to the methods described in " The Chemistry of Heterocyclic Compounds, VoU6, 
supplement II, Chapter II, pp 21-60", D. J. Brown, John Wiley & Sons, 1985. 

In process (nn), the furan containing compounds may be prepared according to the 
method described by Paulissen, R., eL al. in Tetrahedron Lett. 1974, 607. 

In process (oo), one equivalent of hydroxyl amine hydrochloride and tertiary amine 
(e.g. W-memylmorpholine) in a conventional solvent that does not adversely affect the reaction 
such as tetrahydrofuran, methanol, ethanol or isopropanol is used to prepare the compound. 
The reaction is conducted at 20 to 1 00 °C. 

In process (pp), the pyridine containing compounds may be prepared according to the 
literature: Osman, A. N.; Ismail, M. M.; Barakat, M. A. Rev. Roum. Chim. 1986, 31, 615- 
624; Ried W.; Meyer, A., Ber. Deutsch. Chem. Ges. 1957, 90, 2841; Troschutz, R.; 
Troschultz, L; Sollhuberkretzer, M. Arch Pharrru 1985, 318, 777-781. 

In process (qq), a substituted 2-aminothiophenol, a 2-aminophenol or an aromatic 1,2- 
diamine is used in a conventional solvent that does not adversely affect the reaction such as 
tetrahydrofuran, ethanol, isopropanol, acetonitrile orMN-dimethytfoimamide. The reaction 
may be conducted at 20 to 1 00 °C. 

In process (rr), the keto-substituted furan containing compound may be prepared 
according to the literature: Williams, P. H. et al, /. Am. Chem. Soc. 1960, 82, 4883; E. J. 
Corey et al., Chem. Lett. 1987, 223. 

In process (ss), suitable l-halo-2-nitroaromatics may be substituted l-fluoro-2- 
nitrobenzene, o-fluoro-nitropyridines, or o-bromo-nitro-naphthalene, etc. The arylation may 
be carried out in a solvent which does not adversely affect the reaction (e.g. tetrahydrofuran, 
N,^-dimethylforraamide, dimethoxyethane, diglyme, etc.). 

The base used to generate the anion may be isopropyl magnesium chloride, lithium 
diisopropyl amine or sodium hydride. The reaction may be conducted at a temperature selected 
from-70°Ctol00°C. 
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In process (uu), a nitrile oxide may be formed either by oxidation of an aldoxime or 
dehydration of a nitro compound as described in the following references or literature cited ^ 
therein: (1) Torssell, L&B. "Nitrile Oxides, Nitrones and Nitronates in Organic Synthesis ; 
VCH Publishers: New York, 1988, p 64; (2) Kim, J. N.; Ryu, E. K. Synthetic 
Communications 1990, 20, 1373; (3) Chow, Y. L,, Shy, Y. Y.; Bakker, B. H.; Pillay, K. S. 
Heterocycles 1989, 29, 2245. The nitrile oxide is placed in the presence of an alpha,beta- 
unsaturated enone in an inert solvent to yield an 2-isoxazolines. Any isomers may 
subsequently be chomatographically separated. 

In process (zz), an isoxazoline may be transformed to the corresponding beta-hydroxy 
ketone using but is not limited to molybenum hexacarbonyl in wet aeetonitrile according to: 
Baraldi, P. G.; Barco, A.; Benetti, S.; Manfredini, S.; Simoni, D. Synthesis 1987, 276. 
Alternatively, Ti3+ may be employed to attain N-0 bond cleavage: Das, N. B. ; Torssell, K. B. 
G Tetrahedron 1983, 39, 2227. Additionally, Raney-nickel may also selectively cleave the 
N-0 bond without reducing the imino functionality as described in the following reference and 
literature cited therein: Torssell, K. G. B . "Nitrile Oxides, Nitrones and Nitronates in Organic 
Synthesis" ; VCH Publishers: New York, 1988, p 16 and 290. During the course of this 
transformation, a significant amount of dehydration occurs to produce alpha-beta unsaturated 
enones which may be separated from the beta-hydroxy ketones. 

In process (eee) T an aryl- or alkylsulfonyl hydrazone may be formed by treatment of a 
ketone with an aryl- or alkylsulfonyl hydrazide in the presence of an acid catalyst in a solvent 
suitable for the reaction such asmethanol or ethanolat temperatures ranging from ambient to 

the reflux temperature of the solvent 

Jh process (fff), a benzilic acid rearrangement to yield an alpha-hydroxy acid may be 
initiated in a tricarbonyl system by treatment with a slight excess of a hydroxyhcbaseinTHF- 
water initially between 0 °C and room temperature. The temperature may be permitted to rise to 
room temperatuie during the course of the reaction. Other nucleophiles such as methanol are 
also for this type of transformation at temperatures from ambient to the reflux temperature. 

In process (ggg), an alpha-hydroxy acid may be oxidatively cleaved by treatment with 
lead tetraacetate in an inert solvent (e.g. benzene) to form a ketone. 

In process (hhh), an ailylic alcohol may be produced by selective reduction of an alpha- 
beta unsaturated enone. This is accomplished with but not limited to sodium borohydride in 
the presence of cerium(IID chloride heptahydrate in a suitable solvent such as methanol at or 

nearO°C. . , , 

In process (iii), an epoxide may be produced on the central carbonyl of a tricarbonyl 
moiety by but not limited to excess diazomethane as described in: Fisher, M. J.; Chow. K.; 
Villalobos, A.; Danishefsky, S. J. /. Org. Chem. 1991, 56, 2900-2907. 



WO 93/04680 



-47- 



PCT/US92/07600 



In process (jij), liberation of the ester to the acid may be achieved by the cleavage of a 
suitably substituted ester function. Such a functional group may be benzyl, 2,2,2- 
trichloroethyl, 9-fluorenylmethyl and the like. These are cleaved by methods well known to 
those skilled in the art 

'* In process (kkk), condensation of an amine with the acid may be performed using the 

mixed or symmetrical anhydride of said acid, or an ester of the acid, preferably activated, such 
as the ester derived from hydroxybenzotriazole, or the corresponding acylcyanide, 
acylimidazole, or acylazide of the aforementioned acid. 

In process Oil), selective protection of the 32-hydroxyl moiety may be achieved using 
one of a variety of trialkylsilyl groups. This then leaves exposed a lone secondary alcohol on 
G=24 for selective inversion, which may be accomplished by activation of the 24-hydroxy as a 
mesylate, tosylate, etc., followed by inversion with a suitable nucleophile such as water, 
benzoic acid, formic acid, etc. On the other hand inversion of the unactivated 24-hydroxy 
group may be achieved using well described Mitsunobu conditions. Liberation of the silyl ether 
and inverted C-24 acylated hydroxy (if carboxylic acids are used as the nucleophile) is 
accomplished using methods well known to those skilled in the art. Alternatively, inversion 
may be accomplished without protection of the 32-hydroxyl group if ascomycin, FK506, or 
similar compounds are treated with diethylaminosulfur trifluoride (DAST) in an inert solvent 
such as methylene chloride. 

In process (mmm), condensation of an alkyloxy or substituted alklyoxy carbonyl 
hydrazine with ascomycin, FK506, similar compounds, or a suitable derivative thereof 
wherein the C-22 is available as a reactive center, including but not limited to a carbonyl, is 
performed in an inert solvent such as methanol, ethanol, 2-propanol, etc., in the presence of a 
catalyst which may be an acid such as formic acid, p-toluenesulfonic acid, or camphorsulfonic 
acid. 

In process (nnn), acylation at C-33 of 32-oxo-ascomycin or a suitable derivative thereof 
can be achieved, but is not limited to the process outlined in Danheiser, R. L.; Miller, R. R; 
Brisbois, R. G.; Park, S. Z. J. Org. Chem. 1990, 55, 1959-1964. 

In process (ooo), diazotization at C-33 of 32-oxo-ascomycin or a suitable derivative 
thereof can be achieved, but is not limited to the process outlined in Danheiser, R. L.; Miller, 
R. R; Brisbois, R. G.; Park, S. Z. J. Org. Cherru 1990, 55, 1959-1964. 

In process (ppp), L may be a hydroxyl group, or a good leaving group (halogen, 
* tosylate, nitrobenzenesulfonate, mesylate or triflate, for example). 

The condensation may be carried out in a solvent which does not adversely affect the 
reaction (e.g. isopropanol, acetonitrile, dioxane, Af,W-dimethylformamide, tetrahydrofuran, 
etc.). The reaction may be carried out in the presence of base (e.g. triethylamine, 4- 
methylmorpholine or magnesium carbonate, etc.), at a temperature selected from 0 to 100 °C. 
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The appropriate thiazole containing compound may be prepared according to Hantzsch's 
synthesis described by: Katritzky, A.R.; Rees, C.W. "Comprehensive Heterocyclic 
Chemistry"; Pergamon Press: Oxford. 1984, Vol. 6, Part 4B, p.294-299. 

In process (qqq), L may be a hydroxyl group, or a good leaving group (halogen, 
tosylate, nitrobenzenesulfonate, mesylate or triflate, for example). 

The condensation may be carried out in a solvent which does not adversely affect the 
reaction (e.g. isopropanol, t-butanol, acetonitrile, dioxane, MAT-ciimethylformamide, 
tetrahydrofuran, etc.). The reaction may be carried out in the presence of base (e.g. 
triethylamine, 4-methylmorpholine, potassium carbonate or magnesium carbonate, etc.), at a 

temperature selected from 0 to 100 °C. 

Suitableamidines include formamidine, alkylamidines, arylamidines and alkylisoureas. 
Suitable guanidines include tf-arylguanidines, iV-acylated guanidines and AT-sulfonylated 
guanidines. 

In process (rrr),Lmay be a hydroxyl group, or a good leaving group (halogen, 
tosylate, nitrobenzenesulfonate, mesylate or triflate, for example). 

The condensation may be carried out in a solvent which does not adversely affect the 
reaction (e.g. isopropanol, t-butanol, acetonitrile, dioxane, ^-dimethylformamide, 
tetrahydrofuran, etc.). The reaction may be carried out in the presence of a base (e.g., 
triemylaniine, 4-methylmorpholihe, potassium carbonate or magnesium carbonate), at a 
temperature selected from 0 to 100 °C. 

The amides are primary amides such as formamide, alkylacylamides and 

arylacylamides. 

In process (sss), the organometallic reagent may be a Grignard reagent, an alkyllithrum, 

or an aryllithium reagents. 

The selective addition may be carried out in a solvent which does not adversely affect, 
the reaction (e.g., hexanes, ether, tetrahydrofuran, dimethoxyethane or 2-methoxyethyl ether). 
The reaction may be carried out in the presence of cerium (EI) at a temperature selected from 
-l00 <, Cto0°C. 

In process (ttt), the gamma amino alpha hydroxy carbonyl or a masked gamma ammo 
alpha hydroxy carbonyl of a corresponding compound prepared by process (sss) may have 
substitutions (e.g. alkyl, aryl groups, etc.) at the alpha and/or beta positions. Furthermore, the 
amino group may have AT-alkyl or aryl substitutions. 

The condensation may be carried out in a solvent which does not adversely affect the 
reaction (e.g. isopropanol, t-butanol, acetonitrile, dioxane, N^-dimemylformamide, 
tetrahydrofuran, etc.). The reaction may be carried out in the presence of a base (e.g. 
triethylamine, 4-methylmorpholine, potassium carbonate or magnesium carbonate, etc.), at a 
temperature selected from 0 to 100 °C 
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In process (uuu), the reaction is generally carried out in two steps: first the 
condensation of an alpha diketone or a masked alpha diketone with an 1,2-diaminoalkane gives 
a dihydropyrazine. Once the dihydropyrazine has been prepared, it may be oxidized by air in 
the presence of Pd/C, Pt02 or other catalysts. Metal oxides (e.g. Mn02 or CuO) may also be 
used for the aromatization. 

The condensation and oxidation may be carried out in a solvent which does not 
adversely affect the reactions (e.g. isopropanol, acetonitrile, dioxane, benzene, toluene, etc.). 
The reaction may be carried out in the presence of drying agent such as magnesium sulfate or 
molecular sieves at a temperature selected from 0 °C to 100 °C. 

In process (vvv), a 1,5-dicarbonyl group or a masked 1,5-dicarbonyl group prepared 
by process (sss) may have substitutions (e.g. alkyl, aryl groups etc.) at the alpha and/or beta 
positions. The condensation may be carried out with anhydrous ammonia in a solvent which 
does not adversely affect the reactions (e.g. liquid ammonia, isopropanol, acetonitrile, dioxane, 
benzene, toluene, etc.). The reaction may be carried out at a temperature selected from -40 °C 
to 100 °C. 

In process (www), a 1,4-dicarbonyl group or a masked 1,4-dicarbonyl group prepared 
by process (sss) may have substitutions (e.g. alkyl, aryl groups, etc.) at the alpha position. 

The condensation and oxidation may be carried out with anhydrous hydrazine in a 
solvent which does not adversely affect the reactions (e.g. isopropanol, acetonitrile, dioxane* 
benzene, toluene, etc.). The reaction may be carried out in the presence of a drying agent such 
as magnesium sulfate or molecular sieves at a temperature selected from 0 °C to 100 °C. 

In process (xxx), the thiocarbonate formation may be carried out in a solvent which 
does not adversely affect the reactions (e.g. toluene, acetone, methylene chloride, 
tetrahydrofuran or pyridine, etc.). The reaction may be carried out in the presence of a base 
such as triethylamine, pyridine, dimethylaminopyridine and sodium carbonate at a temperature 
selected from 0 °C to 100 °C. The thiocarbonylating reagent may be 1,1- 
thiocarbonyldiimidazole, 1 , 1 ! -thiocarbonylbis(2-pyridone), thiophosgene, or 
O-phenylthiochlorofonnate. 

In process (yyy), the carbonate formation may be carried out in a solvent which does 
not adversely affect the reactions (e.g.. toluene, acetone, butanone, methylene chloride, 
tetrahydrofuran or pyridine etc.). The reaction may be carried out in the presence of a base 
such as triethylamine, pyridine, dimethylaminopyridine and sodium carbonate at a temperature 
selected from 0 °C to 100 °C. 

The carbonylating reagent may be l.T-carbonyldiimidazole, l,l ! -carbonylbis(2- 
pyridone), phosgene, triphosgene, ethyl chloroformate; ethyl trichloroacetate, or o- 
phenylchlorofoimate. 
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In process (zzz), the cyclic phosphonate formation may be carried out by first reacting a 
diol from a selected compound with phosphorous trichloride followed by the addition of an 
appropriate alcohol and amine. Hie alcohol used may be an alkyl alcohol, or an aryl alcohol. 
The amine used may be primary or secondary. Alternatively, the cyclic phosphonate formation 
may be carried out by directly reacting the diol from a corresponding compound with an 
appropriate alkoxyphophoryl dichloride. 

The phosphonate formation may be carried out in a solvent which does not adversely 
affect the reactions (e.g. carbon tetrachloride, chloroform, methylene chloride, toluene, 
tetrahydrofuran, etc.). The reaction may be carried out in the presence of abase such as 
triemylamine, pyridine, dimethylaminopyridine, and sodium carbonate at a temperature selected 
from0 o Ctol00 o C 

In process (aaaa), the reduction of thiocarbonate may be carried outin a solvent which 
does notadversely affect the reactions (e.g., toluene or tetrahydrofuran) at a temperature 
selected from 0 °C to 100 °C. 

The reducing agent used may be trimethylphosphite, triethylphosphite, 
trialkylphosphite or tri-n-butyltin hydride. 

In process (bbbb), the reduction of a 1,2-dicarbonyI group of a corresponding 
compound may be carried out in a solvent which does not adversely affect the reactions (e.g., 
metoanol,etoanoUtoanoI,pyridra . 

The reducing agents used may be tin amalgam, aluminum amalgam with hydrogen 
chloride in ethanol, or may be hydrogen sulfide in pyridine or A^A^dimemylformarnide. 

In process (cccc), the reduction and condensation of a2-(o-nitrophenyl)-l,3-diketone 
of a corresponding compound may be carried in a solvent which does not adversely affect the 
reactions (e.g. ethanol, tetrahydrofuran, ethyl acetate or benzene, etc.). 

The reducing agents used may be hydrogen gas over Pd/C, or Pt/C, zinc dust with 
ammonium chloride, zinc dust with hydrochloric acid at a temperature selected from 0 °C to 
100 °C. 

In process (dddd), triazole formation may be carried out using, but is not limited to an 
azide derivative with suitable acetylene analogues include diethylacetylene dicarboxylate, 
dimethylacetylene dicarboxylate, methyl cyanoacetylenecarboxylate, and the likes. The 
reaction may be conducted above, or below ambient temperature, more preferably from 0 to 50 
°C. 

In process (eeee), pyrrole formation may be carried out using, but is not limited to 
amine compounds with 1,4-dicarbonyl analogues, such as acetbnylacetone, and the likes. 
Suitable solvents include methanol, ethanol, n-propanol, isopropanol, acetonitrile and NJf- 
dimemylformamide,The reaction may be conducted above, or below ambient temperature, 
more preferably from 50 to 100 °C. 
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In process (ffff), suitable reagents for vicinal hydroxylation include osmium tetraoxide, 
potassium permanganate, and iodine in conjunction with silver acetate. Osmium tetroxide is 
preferably used with a regenerating agent such as hydrogen peroxide, alkaline t-butyl 
hydroperoxide or N-methylmorpholine-N-oxide, and a solvent that does not adversely affect 
the reaction, for example diethyl ether or tetrahydrofuran. Potassium permanganate is 
preferably used in mild conditions, for example alkaline aqueous solution or suspensions. Co- 
solvents such as t-butanol or acetic acid may also be used. Iodine-silver acetate under 'wet' 
conditions yields ci-diols. Preferably, iodine is used in aqueous acetic acid in the presence of 
silver acetate. Iodine-silver acetate under 'dry 1 conditions yields trans-diols. Here, the initial 
reaction is carried out in the absence of water, and final hydrolysis yields the dibl. In each 
case, the oxidation is preferably carried out at a temperature of 0 to 100 °C . 

Suitable reagents for the oxidative cleavage of the vicinal diol include lead tetraacetate, 
phenyliodoso acetate, periodic acid or sodium metaperiodate. Suitable solvents for the first 
two reagents include benzene and glacial acetic acid. The second two reagents are preferably 
used in aqueous solution. The reaction is preferably carried out at a temperature of 0 to 100 C 

In process (gggg), suitable reagents for the oxidation of an aldehyde of the 
corresponding compound may include silver oxide, chromic acid and potassium permanganate. 
In the presence of a variety of catalysts, oxygen may also be used in converting an aldehyde to 
a carboxylic acid of a corresponding compound. The catalysts may be palladium or platinum 
oxide. The air oxidation may be carried out in a solvent which does not adversely affect the 
reaction (e.g., ethanol, water, acetonitrile, aqueous acetone or pyridine) at a temperature of 0 to 
100 °C 

In process (hhhh), esters of a corresponding carboxylic acid may be prepared under 
neutral conditions at room temperature by the reaction of the carboxylic acid with alcohols in 
the presence of molar amounts of activating reagents such as triphenyl phosphine and diethyl 
azodicarboxylate, carbodiimides, N^-carbonyldiimidazole and l-methyl-2-halopyridinium 
iodide. Esters may also be formed by reacting the corresponding carboxylic acid with 
diazoalkanes in a solvent which does not adversely affect the reaciton (e.g., ether, 
tetrahydrofuran or methylene chloride) at a temperature of from 0 to 100 °C. 

In process (iiii), the cyclopropanation of the allyl group of a corresponding compound 
may be carried out with diazoalkanes in a solvent which does not adversely affect the reaction 
(e.g., ether, methylene chloride or tetrahydrofuran) in the presence of a catalyst such as 
palladium (II) acetate. The temperature of the reaction is of -15 to 5 °C. 

In process (jjjj), a pyrrole ring may be produced by reacting a 1,4-dicarbonyl group of 
a corresponding compound with, ammonia, or a substituted amine such as benzylamine or 2- 
aminoethanoL Suitable solvents include those which do not adversely affect the reaction (e.g., 
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methylene cMoride, tetrahy tofuran or dioxane). The reaction is preferably carried out at a 

temperature of 0 to 100 °C. 

In process (kkkk), the cyclization of a 1,4-dicarbonyl group of a corresponding 
compound may be carried out in the presence of a catalytic amount of acid (e.g., acetic, acid or 
arylsulfonic acid). The reaction may be carried out in a solvent which does not adversely affect 
the reaction (e.g., methylene chloride, ether, benzene or toluene). THe reaction is preferably 
carried out at a temperature of 0 to 60 °C 

In process (1111), suitable reagents include air, a palladium © halide (e.g. palladium (H) 
chloride), in conjunction with a cuprous halide (e.g. cupper d) chloride). Suitable solvents 
include those that do not adversely affect the reaction (e.g. DMF and water). The reaction is 
preferably carried out at a temperature of 0 to 100 °C 

In process (mmmm), the ketone of the alpha-methoxy cyclohexanone in a 
corresponding compound may be first converted to its oxime derivative with hydroxylamine. 
The derivatization is preferably carried out in a solvent which does not adversely affect the 
reaction (e.g., ethanol, isopropanol or tetrahydrofuran) at a temperature of 0 to 100 °C. 

The hydroxyl group of the oxime (=N-OH) may then be converted to a good leaving 
group (=N-OL) by reacting with an alkylsulfonyl chloride (e.g., methanesulfonyl chloride or 
trifluoromethanesulfonyl chloride), an arylsulfonyl chloride (e.g., bezenesulfonyl chloride or 
toluenesulfonyl chloride), a carboxylic acid anhydride (e.g., trifluoroacetic anhydride), 
phosphorous pentachloride, thionyl chloride or N-methyl 2-fluoropyridinium iodide. The 
activation of oxime is preferably carried out in asolvent that does notadversely affect the 

reaction (e.g.,tetrahydrofu^ C 

The activated oxime of a corresponding compound may then be fragmented m a orotic 
solventsuch as ethanol or lower alkyl alcohol at a temperature of 0 to 100 °C. 

Alternatively, in process (mmmm), the Beckmann fragmentation may be carried out by 
reacting the alpha-methoxycydohexanone directly with an o-alkylsulfonyl hytaylamine or an 
o-arylsulfonyl hydroxylamine. The reaction may be carried out hi a protic solvent (e.g., 
ethanol, propanol or benzyl alcohol) at a temperature of 0 to 100 °C. 

In process (nnnn), suitable reducing agents include but are not limited to sodium 
cyanoborohydride, Uthium aluminum hydride, borane-pyridine, or hydrogen in the presence of 
such catalysts as Raney nickel, platinum, platinum oxide, or palladium. An acidic environment 
may promote the reduction in some cases, and acids such as hydrochloric acid or p- 
toluenesulfonic acid may be added for this purpose. The reduction may be carried out in a 
solvent which does not adversely affect the reaction (e.g. ethanol, ethyl acetate). 

In process (oooo), reduction of an oxime to the corresponding amine may be 
accomplished with butnot limited to hydrogenation with a suitable catalystsuch as palladium 
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on carbon in a solvent inert to the reaction conditions (e.g. ethanol) at temperatures ranging 
from 0 to 100 °C. 

In process (pppp), reduction of an enone to the corresponding saturated ketone may be 
accomplished with but not limited to hydrogenation with a suitable catalyst such as either 
palladium on carbon or rhodium on alumina in a solvent inert to the reaction conditions (e.g. 
methanol, ethanol, isopropanol, ethyl acetate) in a temperature range from -78 to 100 °C. 

In process (qqqq), isoxazoline formation is accomplished by but not limited to the 
following sets of reaction conditions involving a beta-hydroxy oxime. One possible method is 
to treat the beta-hydroxy oxime with Martini sulfurane dehydrating reagent at or near room 
temperature in a solvent inert to the reaction conditions such as methylene chloride. 
Alternatively, the beta-hydroxy oxime may be treated with p-toluenesulfonyl chloride in a 
solvent such as pyridine at temperatures ranging from 0 to 100 °C, 

In process (rnr), an intramolecular aldol reaction is may be accomplished by but is not 
limited to treatment of a carbonyl with a base such as potassium or sodium hydride in a solvent 
which is inert to the reaction conditions (e.g. tetrahydrofuran or N,N-dimethylformamide) at a 
temperature range from -78 to 150 °C. 

In process (ssss), a cyclic imine may be formed by but is not limited to treatment of an 
alpha,beta-unsaturated enone with the sodium enolate of a glycine ester imine in an inert 
solvent such as tetrahydrofuran in a temperature range from -78 to 100 °C. Upon aqueous 
workup, the imine hydrolyzes and spontaneously cyclizes to form the cyclic imine. 

In process (tttt), a substituted pyrrole may be formed by but is not limited to a 
1,3-dipolar cycloaddition between an alpha,beta-unsaturated enone with a glycine ester imine in 
the presence of a suitable catalyst such as lithium bromide and triethylamine in a solvent inert to 
the reaction conditions (e.g. tetrahydrofuran) at or near room temperature. 

In process (uuuu), alpha diazoketones can be decomposed by exposure to UV light or 
by heating. Wolff rearrangements often ensue yielding beta-keto carboxylic acids when ran in 
a solvent mixture containing water, beta-keto esters when run in a solvent containing an 
alcohol, or beta-keto amides when run in a solvent containing ammonia, a primary or a 
secondary amine. Moreover, if a beta-keto carboxylic acid is formed, decarboxylation can 
occur spontaneously or by heating. 

The compounds, processes and uses of the present invention will be better understood 
in connection with the following examples, which are intended as an illustration of and not a 
limitation upon the scope of the invention. Both below and throughout the specification, it is 
intended that citations to the literature are expressly incorporated by reference. 
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r^ ^rinn^ and Fr ~r'" f p-^ n= 1: Rl = E ft (S Configuration ! 

Example la: Ascomycin (4.748 g, 6 mmol) was dissolved in 60 mL of methylene chloride at 0 
°C Pyridine (4.85 mL, 60 mmol), followed by trifluoromethanesulfonic acid anhydride (1.514 
mL 9 mmol) were carefully added to the reaction mixture. It was stirred at 0 °C for 10 min and 
allowed to warm to room temperature. After stirring for 2 hours, 40 mL of cold 1 0%-NaHCO 3 
aqueous solution was carefully added to the cooled reaction mixture. Ethyl acetate (50mLx 3) 
was added to extract the compound. Tne combined organic layers were washed with bnne 
10%-NaHCO 3 , brine, 10%-KHSO 4 , brine and dried over anhydrous magnesium sulfate. After 
the solvent wasremoved, the C32.triflate was obtained in quantitative yield. 
Example lb: Formulal: R=ethyl; R - H; n= 1; Rl= N 3 (S Configuration). Example la was 
dissolved in 40 mL of chloroform, and a chloroform solution containing 
n-tetrabutylammonium azide (14mmol) (Hendrickson, J. B.; Judelson, D. A.; Chancellor, T. 
Synthesis 1984, 321) was added to the mixture and stirred at room temperature for 30 mm. 
The solvent was removed, and the crude product was purified by silica gel column 
chromatography, eluting with 0.5%-methanol in chloroform to yield 2.043 g of the title 
compound. A small amount (100 mg) was purified further by recrystallization (3 mL of ether-8 
mL of n-hexane) to yield 61.8 mg for characterization: mp.153-154 °C; MS (FAB) m/z: M + K 
= 855* IR(KBr) 3490-3420, 2960, 2940, 2880, 2830, 2090, 1740, 1720, 1700, 1650, 1455, 
1380 'l360, 1350, 1325, 1285, 1270, 1200, 1174, 1160, 1145, 1105, 1090, 1040, 1010 



cm' 1 * 



F^ pl. 9- Fnrmub p- ^ B '= H: n= 1: Rl- NHo (S Configuration). 
The product of Example lb (1.632 g, 2 mmol) was dissolved in 40 mL of methanol:ethyl 
acetate(M) Lindlar catalyst (palladium on calcium carbonate poisoned with lead)(816 mg) was 
added It was hydrogenated at 1 hydrogen atmosphere for 4 days. Tne catalyst was removed 
by filtration, more Lindlar catalyst (8 16 mg) was added, and hydrogenation was earned outfor 
one more day at which time TLC analysis showed complete reaction. The catalyst was filtered 
over diatomaceous earth, and thefiltrate was then evaporated to dryness to yield 1.560 g of the 
title compound. The product (200 mg) was recrystallized from ethyl acetate (0.75 mL) in n- 
hexane(lmL)andemerC7mL)forchar a cterization.Yield:m4mg,mp.l41-143 C;MS 

(FAB) mfr M+K = 829; IR(KBr) 3440, 2960, 2940, 2880, 2830, 1740, 1705, 1645, 1500, 
1455, 1450, 1380, 1350, 1325, 1280, 1245, 1200, 1170, 1140, 1100, 1040, 1015 cork 

The product of Example la (923 mg, 1 mmol) was dissolved in 3 mL of N,N- 
dunethylformamide (DMF), potassium thioacetate (571 mg, 5 mmol) was added, and the 
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reaction was stirred at room temperature for 5 hours. Ethyl acetate (30 mL) was added to the 
reaction mixture, and the organic layer was washed with brine, 10%-NaHCO3, brine, 10%- 
KHSO4 and brine, and then dried over magnesium sulfate. Evaporation of the solvent gave 
837 mg of crude product This was purified twice by silica gel column chromatography, 
eluting with 0.5%-methanol in chloroform. Yield: 165 mg. MS (FAB) m/z: M+K = 888; 
IR(KBr) 3440, 2960, 2930, 2880, 2820, 1740, 1690, 1645, 1455, 1450, 1380, 1355, 1325, 
1280, 1245, 1195, 1170, 1160, 1140, 1105, 1035, 1020, 1010 cnr*. 

Sample 4: Formula T- R= ethyl: R'= H: n= 1: Rl= CmCfCflNH (S Omfigmtim) . 
The resultant product from Example 2 (250 mg, 0.32 mmol) in 3 mL of pyridine at-0 °C was 
treated with acetyl chloride (27 mL, 0.38 mmol), and the mixture was stirred at 0 °C for 30 
minutes and at room temperature overnight Ethyl acetate (25 mL) was added, and the organic 
layer was washed with 10%-KHSC>4, brine, 10%-NaHCO3, brine, and then dried over 
magnesium sulfate. The crude product (234 mg) obtained was purified by silica gel column 
chromatography, eluting with 0.5-1.5% methanol in chloroform. Yield: 68.7 mg. MS (FAB) 
m/z: M+K = 871; IR(KBr) 3430, 2960, 2940, 2870, 2820, 1735, 1705, 1645, 1520, 1450, 
1375, 1350, 1320, 1280, 1260, 1245, 1195, 1170, 1160, 1135, 1100, 1085, 1035, . 1020 cnr 
1. 

Rumple. S: Fnrm n l? jn= rthvl: R'= H: n= 1: Rl= CJisCYfttNH (8 Configuration), 
The resultant product from Example 2 (250 mg, 0.32 mmol) was treated in the same fashion as 
mentioned in Example 4, except benzoyl chloride (44.1 mL, 0.30 mmol) was employed instead 
of acetyl chloride. After silica gel column chromatography, a white powder was obtained. , 
Yield: 46.0 mg. MS (FAB) m/z: M+K = 933; IR(KBr) 3440, 2960, 2940, 2880, 2830, 1740, 
1720, 1705, 1645, 1575, 1515, 1480, 1450, 1445, 1375, 1360, 1345, 1320, 1280, 1260, 
1245, 1195, 1170, 1160, 1140, 1100, 1090, 1035, 1020, 1010 cm- 1 . 

Example 6: Formula Tr R= ethvl: R'= H: n= 1: Rl= CrffrSfOhNH f S Configuration), 
The resultant product from Example 2 (250 mg, 0.32 mmol) was treated in the same fashion as 
mentioned in Example 4, except benzenesulfonyl chloride (48.5 mL, 0.30 mmol) was 
employed instead of acetyl chloride. Yield: 84.6 mg. MS (FAB) m/z: M+K = 969; IR(KBr) 
3440, 2960, 2940, 2870, 2820, 1740, 1700, 1645, 1450, 1445, 1375, 1335, 1325, 1305, 
1290, 1260, 1245, 1195, 1160, 1140, 1100, 1090, 1080, 1035, 1020, 1005 cm-1. 



Bmmnte?: Formula TTT« R= ftthvl: R'= H: n= 1: Ril=H: R^=ij^&3^HL&^iiL£^^M 
R2 fi fake.n tether form an oxime. =NR3 S.whereJg33= hy dr oxy?, 
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Ascomycin (1.187 g, 1.5 mmol) was dissolved in 30 mL of ethanol. After pyridine (1.215 
mL, 15 mmol) and hydroxylamine hydrochloride (1.043 g, 15 mmol) were added to the 
reactionmixture, it was gently refluxed for 4 hours. Ethanol was removed by evaporation, and 
50 mL of chloroform was added to the residue. The chloroform layer was washed with water, 
10%-KHSO 4 , water and dried over anhydrous magnesium sulfate. Evaporation to dryness 
yielded 1 175 g of the title compound. This was recrystallized from ethyl acetate (8 mL)- 
hexane (25 mL) to obtain 889 mg. MS (FAB) m/v M+K = 845, M+H = 807; IR(KBr) 3440, 
2950, 2920, 2870, 2820, 1740, 1705, 1645, 1450, 1375, 1350, 1330, 1280, 1260, 1230, 
1195, 1170, 1160, 1100, 1090, 1045, 1035, 1010 an" 1 . 

an PXQ SOT. 

Example 8a: Ascomycin (1.582 g, 2 mmol) was dissolved in 30 mL of methylene chloride, 
and tert-butyldimethylsilyl chloride (362 mg, 2.4 mmol) and imidazole (272 mg, 4 mmol) were 
added. It was then stirred at room temperature for 4 days. Saturated aqueous ammonium 
chloride solution (20 mL) was added, and the product was extracted with ethyl acetate (25 mL 
x 3). The ethyl acetate layers were combined, washed with brine, dried over anhydrous 
magnesium sulfate, filtered and evaporated to dryness to yield 2.11 g of title compound. 

Example 8b: To a -78 °C solution of oxalyl chloride (96 mL, 1.1 mmol) in 5 mL of methylene 
chloride was added a solution of dimethylsulfoxide (156 inL, 2.2 mmol) in 4 mL of methylene 
chloride and the mixture was stirred at -78 °C. After 30 min a solution of example 8a (453 mg, 
0.5 mmol) in 5 mL of methylene chloride was added. The reaction was carried out at -78 °C for 
1.5 hours with stirring and then triethylamine (696.9 mL, 5 mmol) was added. After stirring at 
-78 °C for 5 min, the mixture was then allowed to stand at room temperature for 30 min. The 
reactionmixture was partitioned between 40 mL of ethylacetate and 10 mL of 10%-KHSO 4 
solution. The separated organic layer was washed with 10%-KHSO 4 (3 x), brine, and dried 
over anhydrous magnesium sulfate. Evaporation of the solvent gave 438 mg of the crude title 
compound. This was purified by silica gel column chromatography, eluting with 2.5% ethyl 
acetate in chloroform. Yield: 225.8 mg. MS (FAB) mfc M+K = 942; IR(KBr) 3500, 3440, 
2950, 2935, 2880, 2860, 2820, 1740, 1720, 1650, 1630, 1580, 1460,1445, 1380. 1360, 
1325^ 1280,' 1250, 1220, 1195, 1170, 1135, 1105, 1090, 1040, 1030, 1005 cm-l. 
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Example 9: Formula T: R= etb vlr R'= H: n= 1: Rl= iodo (S Configuration), 
Ascomycin (3.164 g, 4 ramol) was dissolved in 20 mL of N.N-dimethylformamide (DMF), 
and methyltriphenoxyphosphoniurn iodide (2.713 g, 6 mmol) was added. The reaction was 
carried out under a nitrogen atmosphere at room temperature for 4 days. Approximately 100 
mL of ethyl acetate was added to the reaction, and the organic mixture, was washed with brine, 
water, brine, and dried over anhydrous magnesium sulfate. After filtration, the filtrate was 
evaporated to dryness, and the crude product obtained was purified by silica gel column 
chromatography, eluting with 10%-ethyl acetate in chloroform. Yield: 1.86 g. MS (FAB) m/z: 
M+K = 940; IR(KBr) 3500, 2960, 2940, 2870, 2820, 1740, 1720, 1690, 1670, 1650, 1620, 
1500, 1490, 1450, 1440, 1405, 1385, 1360, 1350, 1320, 1280, 1250, 1205, 1195, 1170, 
1155, 1140, 1100, 1090, 1070, 1035, 1000 cm- 1 . 

Example 10: Formula VTT: R= et h vl: R'= H: n= 1: Rl = iodo; R21jMdE,2 2 tafrffl together form 
an oxo group: R23= iodo: R2 4= H: R21 and R33 taken together form a bond; R^IilJB. M E-Hl 
R2 5 and R 3 6 taken togethe r form an oxo group. 

The title compound was isolated as a by-product from the reaction described in Example 9. 
Yield: 166 mg. MS (FAB) m/z: M+K = 1030, M-I = 866; IR(KBr) 3420, 2980, 2930, 2870, 
2820, 1740, 1690, 1645, 1625, 1590, 1485, 1450, 1380, 1360, 1345, 1320, 1280, 1260, 
1245, 1210, 1190, 1170, 1140, 1100, 1090, 1075, 1020, 1010 cm-1. 

Example 11: Formula T: R= ethvl: R'= H: n= 1: Rl= C*HsOC(S)Q (R C onfiguration), 
Ascomycin (988.8 mg, 1.25 mmol) was dissolved in 10 mL of methylene chloride in an ice 
bath. Pyridine (404 uL, 5 mmol) followed by phenoxythiocarbonyl chloride (190 uL, 1.375 
mmol) were added. The mixture was stirred at 0 °C for 5 min and allowed to stir at room 
temperature for 24 hours. Additional pyridine (404 uL, 5 mmol) and phenoxythiocarbonyl 
chloride (190 uL, 1.375 mmol) were added, and stirring was continued for 4 hours. Solvents 
were evaporated and 40 mL of ethyl acetate was added to the residue. The ethyl acetate layer 
was washed with 10%-KHSO4 (3 x), brine, and dried over anhydrous magnesium sulfate. 
Evaporation of the solvent gave 1.400 g of crude product which was purified by silica gel 
column chromatography, eluting with 5%-ethyl acetate in chloroform. The title compound (730 
mg) was obtained. MS (FAB) m/z: M+K = 966; IR(KBr) 3420, 2980, 2930, 2870, 2825, 
1740, 1705, 1645, 1630, 1590, 1490, 1450, 1375, 1365, 1320, 1280, 1260, 1230, 1200, 
1175, 1140, 1100, 1090, 1080, 1035, 1020, 1005 cm" 1 . 

Example 12: Formula TTT- R= ethvl : R'= H: n= 1: R21= H: R^ R J^jy^Hjatea 
together form an oxo group: R3 5 and R26 taken together form an 0X0 group. 
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To asolution of acetonitrile (5 mL) and 48% hydrofluoric acid (100 uL) was added Example 
8b (530 mg. 0.586 mmol) in acetonitrile (J mL) dropwise, and the mixture was stirred at room 
temperature for 35 min. Ethyl acetate (60 mL) was added to the reaction mixture, and the 
orgamckyerwaswashedwifcbrm^ . 
magnesium sulfate. Evaporation of the solvent gave 515 mg of crude title compound which 
was purified by silica gel column chromatography, eluting with 1%-methanol in chloroform. 
304 8 mg of pure compound was obtained. MS (FAB) m/z: M+K = 828: IR(KBr) 3420 
2960, 2930, 2870, 2820, 1740, 1720, 1645, 1620, 1580, 1450, 1380, 1345, 1325, 1280, 
1260, 1245, 1220, 1195, 1170, 1140, 1115, 1100, 1090, 1050, 1035, 1010 -anrK 

QjlLQCQQJl^H:^-^ 036 t alf * n tngethpr fnrm an ™v WWP' 
The title compound (460 mg) was isolated from the reaction described in Example 11 asa 
minor product MS (FAB) m/z: M+K = 1 103; IR(KBr) 3420, 2980, 2930, 287C , 28 0 1740, 
1710, 1645, 1620, 1590, 1490, 1450, 1380, 1365, 1320, 1280, 1260, 1210, 1200, 1140, 
1100, 1070, 1035, 1015, 1000 cm" 1 . 

W Formula V F - e thyV F> H; n= 1; R% B ^2 kH ^l JBg R^j a k 6 a 
rp fln-^ ,n n,n ^un: R^B^P^lj^ nVf p to^t form ™ W PW* 

Example 14a: To asolution of oxalyl chloride (240 uL, 2.75 mmol), in methylene chlonde (7 
mL) was added dimethylsulfoxide (390 uL, 5.5 mmol) over 5 min at -78 °C. The reaction 
mixture was agedfor30 min at -78 °C. Ascomycin (988.8 mg, 125 mmol) in methylene 
chloride (8 mL) was added dropwise and stirred at -78 °C for 1.5 hours. Triethylamme (1.74 
mL 12 5 mmol) was carefully added and the mixture was stirred at -78 °C for an additional 5 
min' It was then allowed to warm to room temperature for 30 min. Ethyl acetate (80 mL) was 
added to the reaction mixture, and the organic layer was washed with brine, 10%-KHSO4, 
brine 10%-NaHCO 3 , brine and dried over anhydrous magnesium sulfate. Evaporation of the 
solvent yielded 920 mg of crude product This was purified by silica gel column 
chromatography, eluting with 7%-ethyl acetate in chloroform. 648 mg of pure tide compound 
wasobtamed.MS(FAB)m*:M+K = 826^^^ 

2960, 2930, 2870, 2820, 1725, 1645, 1625, 1450, 1380, 1340, 1325, 1280, 1260, 1245, 
122o! 1195, 1170, 1130, 1115, 1100, 1090, 1040 cm-1. 

form an oxo group. (146 mg) was also isolated as a minor product from the above reason. 
MS (FAB) m/z: M+K = 828, IR(KBr) 3420, 2960, 2930, 2880, 2820, 1725, 1710. 1645, 
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1450, 1375, 1340, 1325, 1280, 1260, 1245, 1225, 1195, 1170, 1130, 1100, 1090, 1035. 
This compound was also produced by the procedure described in Example 48. 

Example 15: Formula VT: R= eft vl- B — H: n= 1: R21 and R22 faker, tOWfter fOTO an pxime, 
^E^ghny R3 L hvdroxvl: R2 2= OH^24^Jj^ll^ii^l2= i i^2%iML£^lLR^ 
pnri R2 6 taten together form an nxime. =NR^ whereR M= hydrpxyl. 
To a solution of ascomycin (4.748 g, 6 mmol) in ethanol (70 mL) were added hydroxylamine 
hydrochloride (4.172 g, 60 mmol) and pyridine (4.86 mL, 60 mmol). The mixture was then 
gently refluxed for 4 hours and kept at room temperature overnight with stirring. After treating 
the mixture as described in Example 7, the crude material (4.85 g) obtained was purified by 
silica gel column chromatography, eluting with 1.5% to 4%-methanol in chloroform. 184 mg 
of pure title compound was isolated. MS (FAB) mJv. M+K = 860, M+H = 822; IR(KBr) 
3420, 2960, 2930, 2870, 2820, 1745, 1640, 1450, 1390, 1375, 1350, 1325, 1280, 1265, 
1220, 1195, 1170, 1160, 1140, 1100, 1090, 1050, 1040, 1015 cnr 1 . 

Example 16: Fo rmula T: R= ethvl: R'= H: n= 1; Ri=£L 

The tide compound is prepared according to general literature procedures (Taylor, E. C; 
Hawks, m, G. H.; McKillop, A. J. Am. Chem. Soc. 1968, 90, 2421; Corey, E. J.; 
Sachdev, H. S. J. Am. Chem. Soc. 1973, 95, 8483). To a solution of the product of Example 
8b (1 mmol) in dry tetrahydrofuran is added thaJlous ethoxide (1 mmol) with stirring at 0 °C. 
The mixture is stirred at room temperature for 30 min, and the solvent is removed to a yield 
powder which is dissolved in benzene, and to which benzylbromide (1 mmol) is added. The 
mixture is heated under reflux with stirring for several hours (until the reaction is judged to be 
complete by TLC analysis), cooled, and filtered. The filtrate is passed through a short column 
of Florisil to remove traces of thallium (I) bromide, concentrated, and purified on silica gel 
column chromatography to give the desired compound. 

Example 17: Formnla V: R= ethvl: R'= H: n= 1: Rl= tert-butYldim tthylsiMpXY; R^L^omo: 
R3 2= hromo: R# and R M T? Vpn toother form an oxo group; R3 S|ffld_R3 fi ^ken , together form , 

an nxo prouD. 

The title compound is prepared by applying a general method described in the literature 
(Heffner, R.; Safaryn, J. E.; Joulie, M. M. Tetrahedron Lett. 1987, 28, 6539). A solution of 
bromine in dioxane is added dropwise to a solution of Example 8b in dioxane under irradiation 
with a sun lamp (150 watts, 120-125 Volt Duro Lite). After 2 hours of irradiation, ethyl acetate 
is added to the reaction mixture. The ethyl acetate layer is washed with brine, dried, 
evaporated, and purified by silica gel column chromatography to afford pure title compound. 
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He title compound is prepared by applying a general method descnbed m the literature 
(Anderson, J. C; Smith, S. C. WMLE7T1990. 2, 107). A solution of lithio 
diisopropylamide in anhydrous tetrahydrofuran (THF) is added dropwise to a solution^ of 
Example 8b in THF at -78 °C under nitrogen atmosphere. The mixture is stirred at -78 C for 
30 min. then oxodiperoxymolybdenum(pyri^ 

pyrimidinone is added all at once. The mixture is stirred for an additional 30 mm at -78 C, 
neutralized ^ 10% ammonium chloride and extracted with ethyl acetate. The ethyl acetate 
layer is washed with brine, dried, evaporated, and purified by silica gel column 
chromatography to afford pure title compound. 

^2220^2 2= chloro: R2 4=EL ' ... 

"pens^ 

20 mL of diethyether in an ice bath was added Example 54 (2.0, 1.96 mmol) in 50 mL of 
diethyletherin periods of 10-15 min. It was stirred at 0 °C for 0.5 hours and evaporated to 
dryness. Ethyl acetate (50 mL) was added to the reaction mixture, and the organic layer was 
washed with brine (30 mLx3). It was then dried over anhydrous magnesium sulfate. 
Evaporation of the solvent gave 2.14 g of crude product which was dissolved in 60 mL of 
acetonitrile and 48%-hydrogen fluoride aqueous solution (300 uL) was added. It was then 
stirred at room temperature for 0.5 hours. The reaction was partitioned between ethyl acetate 
(60 mL) and 10%-sodium bicarbonate (20 mL), and the aqueous layer was washed with ethyl 
acetate (30 mL). The combined organic layers were washed with brine (30mLx3)and dned 
over anhydrous magnesium sulfate. Evaporation of the solvent gave 1.70 g of crude product 
which was purified by silica gel (100 g) column chromatography, first eluting with 15%- 
acetonemhexane, followed by 30%-acetone-hexane. 290 mg of pure title compound was 

isolated. 

MS (FAB) m/z: M+K = 848. mp. 119420 °C 

LULL? 'JIl^' -MP" twin irirlrrfm" » *™ "" up - R^m^Mmsoss^L 

fnm, an n*n greup: Rg jndfi P tnVrn tof^hfr fonD m 0*0 group, 

The title compound was prepared by the method described in R. L. DanheKer, R. F. Miller, R. 
G Brisbois, S. Z. Park/. Org, Chen, 1990, 55, 1959-1964. Accordingly Example 14a (1.0 
mmol) in acetonitrile (20 mL) containing water (18 uL), triemylamine (0.21 mL, 1.5 mmol), 
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and methanesulfonyl azide (0.28 mL, 3.0 mmol) was stirred at ambient temperature for 6 
hours, whereupon the volatiles were removed in vacuo. The residue was purified by 
chromatography on silica gel eluting with a mixture of hexanes and acetone (4:1) which 
provided the desired product (610 mg) in 75% yield. MS (FAB) m/z: M+K-N2 = 824. IR 
(CDCl3)2115cm-l. 

Example 21: Formula V: R= ethvl: R'= H: n= 1: R *= t^hntvldimethvlsilvloxv: R31 and_R22 
taken together form a methylene proum R^ JtmLR M taken tOTOtfr^ fo^ aft PXQ HWp'ijffi 
ann* R3fi taken together fonn an oxo group. 

The title compound is prepared by applying a general method described in the literature. To a 
stirred suspension of zinc in anhydrous tetrahydrofuran (THF) is added methylenediiodide at 
25 °C under an argon atmosphere. After 30 min, a THF solution of Ti(OiPr)4 is added. The 
resulting mixture is stined at 25 °C for 30 min. A solution of Example 8b in THF is then 
added. After being stirred for 3 hours, the mixture is diluted with ethyl acetate, acidified, and 
extracted with ethyl acetate. The organic extracts are washed with brine, dried, and 
concentrated. The residue is then purified by silica gel column chromatography to yield pure 
tide compound. 

Example 22: Formula V: R=e thvl: R'=H: n= 1: Rl= mTt-bntvldimethvlsilvlQxy; tataffl 
together with one of R& and R22, one of R& and R24 form a bond: one of R^l and R^isH; 
nnfrfff B21 and R34 .k CHiCfCftO: R2 S and R3fi taken together form an oxo group. 
The title compound is prepared by applying a general method described in the literature 
(Lakhvich, F. A.; Khlebnicova, T. S.; Akhrem, A. A. Synthesis 1985, 784. Akhrem, A. A.; 
Lakhvich, F. A.; Budai, S. L; Khlebnicova, T. S.; Petrusevich, 1. 1. Synthesis 1978, 925). 
The product of Example 8b and a slight excess of acetyl chloride are dissolved in dry 
methylene chloride and pyridine, and the mixture is stirred at room temperature for 3-5 hours. 
The solvent is removed to give a residue that is dissolved in ethyl acetate and then washed with 
10%-sodium hydrogen carbonate, 10%-potassium hydrogen sulfate, brine, and dried. The 
crude product obtained is purified by silica gel column chromatography to yield pure title 
compound. 

Example 23: Formula V: R= ethvl: R'= H: n= 1: Rl= mrt-hntvldimethvlfflWlWY; t aken 
together with one of R^ _anA&^^m£jQ^.and^24 f qrm a frpnft onp <?f R^andR^kiL 
one of R33 and R2 4-is CaHs CH 2 NH: R3 5 and R& faten together form an oxo group. 
The title compound is prepared by applying a general method described in the literature 
(Winkler, J. D.; Hershberger, P. M.; Springer, J. P. Tetrahedron Lett 1986, 27, 5177). The 
product of Example 8b and a slight excess of benzylamine are dissolved in benzene and gently 
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refluxed for 3-5 hours. The solvent is removed, and the residue obtained is purified by silica 
gel column chromatography to yield pure title compound. 

^ r r 1. OA- Fon.nl, V : P- r l frfr *'= ffi ^ V, R J ~ tm-huMdimrrnYl^lvl^Y; takffl 
tn r ^r with one of R2 1 an dJ&^®^*jM] & ftrrm ? bond; one QfR^dR^liiii 
nilL ^31 anji RM.is£ 6 Ifa^ tortherfprm ?n oxp group. 

Benzyl bromide and triefcylamine are added to a solution of the product of Example 2 in 
acetonitrile. Thereaction mixture is warmed to 35-45 °C overnight The solvent is removed, 
and the residue is dissolved in ethyl acetate. Hie ethyl acetate layer is washed with 10%- 
sodium hydrogen carbonate, brine, dried over magnesium sulfate, and evaporated. The crude 
product is purified by silica gel column chromatography. 

The title compound is prepared by applying a general method described in the literature 
(Neville, R. G.; McGee, J. J. Con. J. CTem. 1963, 47, 2123). A solution of the product of 
Example 2 in anhydrous benzene is added, dropwise, to a solution of silicon tetraisocyanate m 
benzene in an ice bath. After the addition is over, the mixture is refluxed for 15 mm and 
concentrated in vacuo. Aqueous isopropyl alcohol (i-propanol : water = 9: 1) is added to the 
residue, and the mixture is refluxed for 15 min. The mixture is filtered through a coarse-grade 
sintered-glass funnel and washed with acetone. Solvents are removed, and the residue is 
dissolved in ethyl acetate. The ethyl acetate layer is washed with 10%-sodium hydrogen 
carbonate, brine, and dried over magnesium sulfate. After the solvent is removed, the crude 
product is purified by silica gel column chromatography, 

* T^nl. T: P- ethvl; H; n= I', Rl ^ fcrHoOrONff ffi Confi^on). 
Benzyloxycarbonyl chloride and triethylamine are added to a solution of the product of 
Example 2 in anhydrous methylene chloride. The reaction mixture is stirred for 1 hour. The 
solvent is removed, and the residue is dissolved in ethyl acetate. The ethyl acetate layer is 
washed with 10%-sodium hydrogen carbonate, brine, dried over magnesium sulfate. After the 
solvent is removed, the crude product is purified on silica gel column chromatography. 

P Tfin r , a nn. pnnnni, T : P^ rift* P- H; n = h fl - W^NH (S C^m^H L 
The title compound is prepared by applying a general method described in the literature (Van 
Nispen, J. W.; Tesser, G. L; Nivard, R. J- F. fat J. Peptide Protein Res. 1977, 9, 193). 
The product of Example 2 is added to a freshly prepared methanolic solution of O- 
methylisourea. The solution is kept at 0 "C for 1 day, concentrated, and cooled. Water is added 
slowly to the residue, and the product is extracted with ethyl acetate. The ethyl acetate layer is 
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washed with 10%-sodium hydrogen carbonate, brine, dried over magnesium sulfate. After the 
solvent is removed, the crude product is purified on silica gel column chromatography. 

Example 28; Formula T; R= ethyl ; R'= H; n= 1 ; R- U- CfiHsSfOWH rs (Wi l nm,rin^ 
The title compound is prepared by applying a general method described in the literature 
(Kobayashi, T.; lino, K.; Hiraoka, T. J. Am. Chem. Soc. 1977, 99, 5505). Benzenesulfenyl 
chloride is added dropwise to a solution of Example 2 and triethylamine in methylene chloride 
at 0 °C. The solution is stirred at 0 °C for 1 hour and at room temperature for 1 day, 
concentrated and redissolved in ethyl acetate. The ethyl acetate layer is washed with 10%- 
sodium hydrogen carbonate, brine, dried over magnesium sulfate. After the 
removed, the crude product is purified by silica gel column chromatography. 



-he solvent is 



Example 29; Formula T: R= e.thvl: R'= H: n= 1- Rl = fCH^HoO^PfQ) 
The tide compound is prepared by applying a general method described in the literature (Bauer, 
G.; Hagele, G. Angew. Chem. Int. Ed. Engl. 1977, 16, All). The product of Example 9 is 
dissolved in dry diethylether under nitrogen and treated with triethylphosphite dropwise. After 
the exothermic reaction has subsided, the reaction mixture is warmed to gentle reflux for 1 
hour. The solvent is removed, and the residue is dissolved in ethyl acetate. The ethyl acetate 
layer is washed with 10%-sodium hydrogen carbonate, brine, dried over magnesium sulfate. 
After the solvent is removed, the crude product is purified on silica gel column 
chromatography. 

Example 30: Formula T: R= ethvl: R'= H- n= 1 ; Rl= (CgH f OV>Pf O)Q, 
Ascomycin (100 mg, 0. 126 mmol) was dissolved in 1 mL of benzene in an ice bath, and 
triethylamine (35 uL, 0.252 mmol) followed by diphenylchlorophosphate (53 uL, 0 .252 
mmol) in benzene (1 mL) was added dropwise. After 4-dimethylaminopyridine (DMAP) (10 
mg, 0.08 mmol) was added,it was then stirred at room temperature for 2 hours. 10%-Sodium 
bisulfate was added to the cooled reaction mixture. After additional benzene (10 mL) was 
added, the organic layer was washed with 10%-NaHCO 3 (x3), brine (x5) and then dried over 
anhydrous magnesium sulfate. Evaporation of the solvent gave crude product which was 
purified by flash silica gel (25 g) column chromatography, eluting 15%-acetone in hexane. 73 
mg of pure title compound was isolated. 
MS (FAB) m/z: M+K = 1062. 



Example 31 : Formula I: R= ftth yh R'= R- n= 1 • Rl = 

The title compound is prepared by applying a general method described in the literature 
(Guindon, Y.; Frenette, R.; Fortin, R.; Rokach, J. J. Org. Chem. 1983, 48, 1357). Dried 
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zmciodldeisaddedtoasolutionofascomyc^^ 

added thiophenol, and the reaction mixture is stirred for 1 hour. The reaction is quenched with 
water, the solvent is removed, and the residue is dissolved in ethyl acetate. The ethyl acetate 
layer is washed with 10%-sodium hydrogen carbonate, brine, and dried over magnesium 
sulfate. After the solvent is removed, the crude product is purified on sUica gel column 
chromatography. 

LtiLompoundLpreparedbyapplymg 

M • Kawai, M.; Izumi, Y. Chem. Lett. 1983, 1101). Benzyl chloride and powdered zeokte 
are'added to asolution of ascomycin in tetrahydrofuran. The reaction mixture is vigorously 
sturedundergenuerefluxforShours,^ ^ 
filtered The filtrate is evaporated to dryness, and theresidue is dissolved in ethyl acetate. The 
ethyl acetate layer is washed with 10%-sodium hydrogen carbonate, brine, and dried over 
magnesium sulfate. After the solventis removed, the crude product is purified on silicagel 
column chromatography. 

The tide compoundisprepared byapplymgageneralmethoddescribedmme 
(Nefkens, G. H. L.; Tesser, G. L; Nivard, R. J. F. Rec. Trav. Chim. 1960, 79, 688). 
Examplelandsodiumcarbonate are suspend in a mixed solvent of tetrahydrofuran: water (1 
• 1) and cooled in an ice bath. Powdered N-carboethoxy phthalimide is added to the reaction 
mixture which is then s tirr^atO °Cfor5inmandat™^ 
materMisffltered.memtra^ 

is extracted into ethyl acetate. The ethyl acetate layer is washed with 10%-sodium hydrogen 
carbonate, brine, and dried over magnesium sulfate. After the solvent is removed, the crude 
product is purified by silica gel column chromatography. 

Thetitiecompoundisprepaiedbyapplymgageneralmemoddescribedmm^ 

(Kenner, G. W, Moore,G. A, Ramage,R. Tetrahedron Un. 1976, 3623). The product of 

ExampIe2anddiphenylphosph^ 

a^icebam-N-memylmorpholmeisaddedtomereactionmixr^ CforS 
min and at room temperature for 5 hours. Insoluble material is filtered, the filiate is evaporated 
to dryness, and the product is extracted in ethyl acetate. The ethyl acetate layer is washed with 
10%-sodium hydrogen carbonate, brine, and dried over magnesium sulfate. After the solvent is 
removed, the crude product is purified on silica gel column chromatography. 
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Example 35: Formula T: R= ethvl: R'= H: n= 1: Rl= (CfiHsO)?P(0)NH f$ Config u r ation), 
The title compound is prepared by applying a general method described in the literature 
(Wolfram, M. L.; Conigliaro, P. J.; Soltes, E. J. I Org. Chem. 1967, 32, 653). The 
product of Example 2 and diphenylphosphoryl chloride are dissolved in tetrahedrofuran and 
cooled in an ice bath. Triethylamine is added to the reaction mixture which is stirred at 0 °C for 
5 min and at room temperature for 5 hours. Insoluble material is filtered, the filtrate is 
evaporated to dryness, and the product is extracted in ethyl acetate. The ethyl acetate layer is 
washed with 10%-sodium hydrogen carbonate, brine, and dried over magnesium sulfate. After 
the solvent is removed, the crude product is purified on silica gel column chromatography. 

Example 36.: Formula TTT: R= e thvl: R'=H: n= 1: R2 1 and R3 1 taken together fPT™. a bond; 
R21= R2 4 =H: RjS and R2 6 taken together fnrm an oxo group. 
The title compound was prepared according to the methods described in the published 
European Patent Application No. 89192668 of Fisons, P.26, Examplell: mp 124-125 °C, MS 
(FAB) m/z: M+NH4 = 791. 

Example 37: Formula TTT: R= ethvl: R'=H: n= 1: R3 1= H: R32=H^33=QHlR3%1L£^ 
and R36 taken together form =N-OCH2Qf Hs t 

A solution of ascomycin (0.791 g), O-benzylhydroxylamine hydrogen chloride (0.320 g) and 
dimethylaminopyridine (0.26 g) in absolute ethanol (10 mL) was refluxed under nitrogen 
overnight After removal of solvent, the solid residue was purified by silica gel 
chromatography with ether elution. Yield: 0.6 g; mp 92-98 °C; MS (FAB) m/z: M+H = 897, 
M+NH4 = 914. 

Example 38: Formula VI: R= ethvl: R'=H: n= 1 : taken together with the carbon atoms to 
which thev are attached. Rfl l R2Z. K2&araLR2S form a flWUlO^aUne with Q~9 flnd C-IQ 
becoming positions 2' and 3' of the heterocyclic system: R21 and Retaken together form a 
bond: R32= H: R34= H: R2 5 and R3fi taken together form an nxo group: RfiQ= OH (R 
configuration): R&= H. 

A solution of the product of Example 36 (0.338 g), o-phenylenediamine (0.05 g) and N- 
methylmorpholine (0.04 g) in absolute ethanol was refluxed under nitrogen overnight Solvent 
was removed in vacuo and the product purified by silica gel chromatography (10 g) with 
methylene chloride/acetonitrile (5:2, v/v) elution, followed by ether. Yield: 0.3 g; MS (FAB) 
m/z: M+H = 846, M+NH4 = 863. 
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CT , r r 1. 39- Formula P- ^ ™* " 1 ' ™* t ™ ^ ^ ^ * ^ 
^ *~ attached. R2 fi, R2I^2S^E2 2 fprm „ qninmr^ with C-9 and P-IO/ becoming 

r and y r *th r h — ™ fe svstem: Rfi0 " OH rp ronfi r im * w); R ^ IL 
Asolution of ascomycin (0.41 g), o-phenylenediamine (0.108 g) and N-memylmorpholine 
(0 072 g) in absolute ethanol (3 mL) was refluxed under nitrogen overnight Solvent was 
removed in vacuo and the product purified on silica gel (10 g) with methylene 
chloride/acetonitrile (5:2, v/v) elution, followed by 40% acetone in hexanes. Yield: 0.396 g; 
mp 1 10-120 °C; MS (FAB) m/z. M+NH4 = 881. 

The title compound was prepared and purified by the procedure as described in Example^ 
substituting 4,5-ficMorophenyI-l,2-diamine for o-phenylenediamine. mp: 107-110 °C; MS 
(FAB) m/z: M+H = 932, M+NH4 = 949.. 

^ rrr1 r M . TT- P-.thvV R'=H' ^ 1; tak r n t nrthnr ¥ j th if r^'^ to which 

tn»v m attached. Btt fi^jplJ ffl^ ff 6" T^ l TT l tnWn^ with C-9 ai»d | C-M 

The tide compound was prepared and purified by the procedure as described m Example39 
.obMiinliqg for o-pbaqrlaBffinniiiB. mp= l 12 " 115 C;MS 

(FAB) m/z: M+H = 892, M+NH4 = 909. 

p^pu. ,nd A2 W p^m. n- p, .thvl: P'-TT- n- 1 ♦ nVn. tOfTftrr WWI the carboy 

^-o pnH r-10 hecP -'TTr r c^nn. 2' and T of the heterocyclic ^m; 
f onfignration): R^ JL. 

m * FfTr ,i, tt- R= e f y p n, 1 • taVen tocher with Hirr fflrtW ntftlPI to which they am 
iii UA^VjL™ J?*3E£? 79 f nm » 7-^^nxvauinnTaline with C-9 and C.-1Q becoming 
r r w 3- nf th e heterocyclic svsfcm; Rfi Q-OH (* nwifipmrfwi); R< %1L 
The titlecompounds wereprepared and purified by the procedure described in Example ,39 
substimtmg4-memoxy-phenyl-l,2-(Uammeforo-phenylenedi^^ 117-126 C;MS 

(FAB) m/z: M+H = 894, M+NH4 = 932. 

n ^U A* Fnrmul* n. p - „nv1- TfeH: n= 1 • nVm tocher with the rarhpn atpniS tp wfech 
T w P r» cached. R2 6. R22^R2& 1S iLE2 2 form a hfflwfrlqnilWflpV With C-9 and C-W 
^ |ff r p^Hnn, r a nd T of the heterO^ ^ P/ » - O P ^PPffltiWl); 
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The title compound was prepared and purified by. the procedure as described in Example 39 
substituting 2,3-naphthalenediamine for o-phenylenediaraine. mp: 115-120 °C; MS (FAB) m/z: 
M+H = 914, M+NH4 = 931. 

Sam ple. 44: Ftarmiil« TT- R= ethvl: R =H: n= 1 : taken together with the <Whon atom?? tp which 
th^v are attached. R2 6, R22^R2&^n£B t 2 2 form a 6/ 7'-PiethY)PPg-di0XY-nninoyaline with C-9 
and fMO becoming positions 2' ^ V of the heterocyclic system; R6Q=£Hi& 
rnnfipurationV. R^ = H. 

The title compound was prepared and purified by the procedure as described in Example 39 ^ 
substituting 4,5-methylenedioxy-phenyl-l,2-diamine for o-phenylenediamine. mp: 190-193 °C; 
MS (FAB) m/z: M+H = 908, M+NH4 = 946. 

F.vample 45: Formula TT- R= ethvl: P'=H- n= 1 : taken toother with the c^or, atom* to which . 
th ftV are attached. R2 6. R22jR2£^rjd_E2 a form 6\7'-n1fl»PrpquinQxa , T , ine with C-9 and Q-IQ 
homing position* V ™d V of the h Pt^vclic system: RfiQ = OH f K confi gyration); R^ %1L 
The title compound was prepared and purified by the procedure as described in Example 39 
substituting 4,5-difluorophenyl-l,2-diamine for o-phenylenediamine. mp: 112-1 16 °C; MS 
(FAB) m/z: M+K = 938. 

Rumple 46: Formula TT- R= ethyl: R'=H: n= 1: one of R2 J-and ^is H and flip mhCT 18 °H; 
R2 1= OH: R21= H. 

Zinc dust (5.4 g) was added portionwise into a stirred solution of ascomycin (5.4 g) in glacial 
acetic acid (50 mL) under nitrogen at room temperature. The reaction mixture was stirred 
vigorously at room temperature for 5 hours until TLC analysis (40% acetone in hexanes) 
showed the total disappearance of ascomycin. The solid was then filtered off and triturated with 
methylene chloride. The solvent was removed in vacuo and residue solid was redissolved in 
methylene chloride, filtered through silica gel eluting with 50% acetone in hexanes, and 
concentrated in vacuo. The solid was recrystallized from ether-hexanes. Yield: 4.9 g; mp 138- 
140 °C; MS (FAB) m/z: M+NH4 =811. 

Ev^ pi. 47- Formula ITT- R= ethyl; R'=H; n= I; ^1^2^22=^=^^ 
^36 ftfrn ^ r thrr is N. the S a nd N is hridged hv a nhenvl rinr to form a bgr^Pttoasepine, 
A solution of the product of Example 36 (0.26 g) and 2-aminothiophenol (0.05 g) and N- 
methylmorpholine (0.07 g) in absolute ethanol (3 mL) was refluxed under nitrogen overnight. 
Solvent was removed in vacuo, and the product was purified on silica gel with ether elution. 
Yield: 023 g; mp: 133-138 °C; MS (FAB) m/z: M+H = 881. 
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i^m pl* 4* Formula t. p- f , H - P =H: n= 1: R* = ■atfjaL tf JP^ W P tthff ft°H 
an nxo proUP. 

Methylsulfide-chlorine complex was prepared by adding oxalyl chloride (0.32 g) into a stored 
solution of dimethylsulfoxide (0.44 g) in methylene chloride (4 mL) and stirring.at -70 °C for 
0 5 hours. The solution of the complex was added in slow dropwise fashion into a stirring 
solution of ascomycin (1.6 g) in methylene chloride (5 mL) at -70 °C. After stirring for 0.25 
hours, triethylainine (1.4 g) was added at -70 °C. Stirring was continued at -70 °C for 0.5 
hours and then at room temperature for 1 hour. The reaction mixture was then diluted with 
ether (100 mL), washed with 1 N HQ (aq) (2x30 mL), saturated brine (30 mL), dried over 
magnesium sulfate and solvent removed. The product was purified on silica gel (70 g) with 
ether elution. Yield: 0.95 g; MS (FAB) m/z: M+H = 790. 

Pv, ^ 4Q- Formul a , T- ^ ^ R =H: n= 1 : R2 = feHJgjttiB * fflh* tOfffrff ^ 

Triethyloxonium tetrafluoroborate (0.1 mL, 1 M in CH2CI2) was added into a stirred solution 
of ethanedithiol (0.01 mL) and the product of Example 48 (0.05 g) in dry methylene chloride 
(1 mL) at 0 °C. After stirring at 0 °C and room temperature for 1 hour, potassium carbonate 
was added, and the product was purified by prep TLC (40% acetone in hexanes). Yield: 0.02 
g; MS (FAB) m/z: M+H = 866, M+Na = 888, M+K = 904. 

P^n pfr. SfV PhrniP l n * Hhvl - R =H: n= 1: R 2 = & s BX?.jaA & ^ tPPtflg form 

Asolution of the product of Example 48 (0.25 g). hydroxylamine hydrochloride (0.03 g) and 
N-methylmorpholine (0.035 g) in absolute ethanol was refluxed under nitrogen for 1.5 hours. 
Solvent was removed in vacuo and the product was purified on silica gel with ether elution. 
Yield: 0.2 g; MS (FAB) m/z: M+H = 805. 

Temple. SI : For r" 1 - f ?= R = H - "= 1: R2 = feBgj=fiL&*=£IL 
Uthium tri-t-butoxyaluminum hydride (0.2 mL, 1 M in THF) was added slowly into a stirred 
solution of the product of Example 48 (0.056 g) in dry THF (1 mL) at -70 °C under nitrogen. 
After stirring at -70 °C for 3 hours, it was partitioned between ether (50 mL) and 1 N HC1 (10 
mL) The organic phase was dried over magnesium sulfate, the solvent was removed and the 
productpurified by prep TLC (35% acetone in hexanes). Yield: 0.025 g; MS (FAB) m/z: M+K 
= 830. 

fan rfe Sfr Formi c ttt- p = ^vl- R n= 1 : Rl l - H- IbVph iQWltyr with the Carton , 
■mm. m which t W ^ attached. R3 3. R34^R2Sand_R3 6 form a pyrrole ,, 
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Hydrazine (0.014 g, in 2 mL of dry THF) was added into a stirred solution of the product of 
Example 12 (0.24 g) in dry THF (10 mL) at room temperature. After stirring at room 
temperature for 0.5 hours, the reaction mixture was refluxed for 2 hours. After removal of the 
solvent, the product was purified by silica gel chromatography (silica gel, 50 g) eluting with 
50% acetone in hexanes. The solid was further purified by prep TLC (5% methanol in 
methylene chloride). Yield: 0.13 g; MS (FAB) m/z: M+H = 786. 

Example 53: Fnrmnla TT: R= ethvlt R'=H: n= 1 : taken together with the carbon atoms tQ which, 
thev are attached. R.2 6. R22, r2& and R22 form a qninnxaline with C-9 and CM 0 becoming 
positions 2' and 3' of the heterocyclic syste m, two of the quinoxalines form a carbon-carbon 
hnnd between either the 6' or 7' on each he terocyclic system: R®= OH (R configuration); 
R<%JL 

A solution of ascomycin (0.6 g), N-methylmorpholine (0. 153 g) and 3,3'-diaminobenzidine 
tetrahydrochloride (0. 1 g) in absolute ethanol was refluxed overnight The product was 
purified as described in Example 39. Yield: 0.31 g; mp: 128-132 °C; MS (FAB) m/z: M+H = 
1725. 

Example 54: Fnrmnla V: R= ethvl: R'=H: n= 1: Ri= t-hntvldimethvlsilvlpxv (R configuration); 
p31-h^32- ffl p32= ^-hntvlriimethvlsilvloxv: RM= H: R25 andR^ fi taken toge t h er fprm aq 
oxo group. 

Ascomycin (15 g) was dissolved in a solution of imidazole (3.75 g) in dry N,N- 
dimethylformamide (200 mL) and tert-butyldimethylchlorosilane (18.3g) was added in 
portions and stirred at room temperature for 90 hours. N,N-dimethylformamide and excess 
tert-butyldimethylchlorosilane were removed by distillation (bath 30 °C at 0.8 torn). The solid 
residue was extracted with anhydrous ether (4x50 mL). Ether was removed in vacuo and the 
solid residue was purified by silica gel chromatography eluting with 5% acetone in hexanes 
providing the title compound (17 g). MS (FAB) m/z: M+H = 1022. 

Example 55: For mnia VTT: R= ethvl: R'=H: n= 1: Rl= t-bl1tv1dimethylsilylQX. Y ffl 
rnnfipirarionV one of R2 Land R2 2 k H and the o ther is OH: R22= QH: R24= _Hj_Rll £L R32 EL li 1 
R33 = t-hntvlriimrthvlsilvloxv: RM = H: R3^ and R& taken together form an oxo group. 
Zinc dust (5 g) was added into a stirred solution of the product of Example 54 (5 g) in glacial 
acetic acid (25 mL) and stirred at room temperature for 5 hours. The reaction mixture was 
diluted with methylene chloride (150 mL) and the solid was filtered off and extracted with 
additional methylene chloride (3x50 mL). Solvent was removed in vacuo, and the solid residue 
filtered through silica gel (20 g) and eluted with ether. Yield: 5 g; MS (FAB) m/z: M+H = 
1024. 
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r v r n ^ni, w -*- ^™^ ^ 

^ pnnrin,* one of .tf lmdfiff M P the ffihfr 1-5 OA* R2%QjLE.^IL£^E^= 
g. P 33-,.K„n,iH^^vl s iIvloxv:R3^Ii^^^d£^^ p mp rf hrr form m qxq grp , ^ 
Acetic anhydride (1 roL) is added into astirred solution of the product of Example 55 (1 g) and 
4-dimethylaminopyridine (0.1 g) in dry pyridine (5 mL). The reaction mixture is stured at 
room temperature for 1 hour. Solvent and excess acetic anhydride is removed in vacuo (01 
torr)andmesoUdr^duekpurifiedbysiHcagelcru-omatographyelu^ 

methylene chloride. 

L « ^^^^^p ^lvfcnnr. .R^ HjE^JIldtffijVn' fofn Uffrfiwm an oxq 

Sropylsilyl trifluoromethanesulfonate (10 g) in dry methylene chloride (25 mL) was 
added dropwrse into a stirred solution of ascomycin (7.8 g) and N-methylmorpholine (4 g) m 
dry methylene chloride (100 mL) at 0 *C andstirred at 0 °C for 3 hours. Methanol (3 mL) was 
added and stirring was continued for an additional hour. Solvent was removed /« vacuo and the 
residue worked u P with ether and 1 N hydrochloric acid. The organic phase was dned over 
magnesium sulfate and solvent removed in vacuo. Purification by smca gel chromatography 
eluting with 10% ether in hexanes provided the title compund (9 g). MS (FAB) mfc M + Na = 
1128. 

r 1 , ir r ^ r yn—^™^* ^7^^^^ 

tMLMr , ^ gM „ nthftr is OH: R^ QE^^^l^^ 
^prn pvTsilvloxv: tf ^ttE^Jnagy tH T n tof^r form an Qxp group , 
Zinc dust (5 g) was added into a stirred solution of the product of Example 57 (5 g) in glacial 
acetic acid (25 mL) and stirred at room temperature for 5 hours. The reaction mixture was 
dilutedwithmethylenechloride(150mL) and the solid was filtered off and extracted^ 
methylene chloride (3x50 mL). The resulting solution was filtered through sihea gel (20 g) and 
eluted with ether. Yield: 5 g; MS (FAB) mfc M+Na = 1130. 

.•cpm pvi^ivinxv: R2<k=KX&MA£P t r^ n w r iHrrfrrm an <ffft group-, 
Acetic anhydride (1 mL) was added into a stirred solution of the product of Example 58 (1 g) 
and 4-toemylaminopyridine (0. 1 g) in dry pyridine (5 mL). The reaction mixture was stirred 
atroom temperature for 1 hour. Solvent and excess acetic anhydride was removed in vacuo 
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(0. 1 ton) and the solid residue was purified by silica gel chromatography eluting with 2% 
ethanol in methylene chloride. Yield: 1 g; MS (FAB) m/z: M+Na = 1 172. 

Example 60: Formula TI: R= ftthvl: R'=H: n= 1 : one of Ro land R ff is H and the Other iS OAc; 
R2 1= OH: R24= H. 

40% Aqueous hydrofluoric acid (0.5 mL, in 5 mL of acetonitrile) is added dropwise into a 
solution of the product of Example 59 (1.1 g) in acetonitrile (10 mL) at 0 °C. The reaction 
mixture is stirred at room temperature for 2 hours. The reaction mixture is diluted with water 
(50 mL) and extracted with ethyl acetate (3x50 mL), dried over magnesium sulfate and the 
solvent removed in vacuo. The crude is purified by silica gel chromatography using 5% 
methanol in methylene chloride as eluent 

Example 61: Formula II: R= ethvl: R'=H: n= 1: taken together with the carbon atoms to which 
thev are attached. R2 6, R2Z. R2& and R22 farm a 2'-methvl-thiazo1e with C-9 and C-1Q 
becoming positions 5' and 4' of the heterocycli c system: RfiQ= OH (7? configuration); RA=iL 
A solution of the product of Example 60 (0.83 g), thioacetamide (0.15 g) and triemylamine 
(0.2 g) in isopropanol (5 mL) is refluxed under nitrogen for 16 hours. Solvent is removed in 
vacuo and the solid residue is purified by silica gel chromatography eluting first with 20% 
acetonitrile in methylene chloride followed by 7% methanol in methylene chloride. 

Example 62: Formula II: R= ethvl: R'=H: n= 1: taken together with the, carbon atoms to which 
thev are attached. R2 p. R22. R2& and R2S form a 2'-amino-th^o>- with C-9 and C-10 
becoming positions 5' and 4' of the heterocycl ic system: RfiO= OH (R configuration); R6%1L 
A solution of the product of Example 60 (0.1 g), thiourea (0.015 g) and triethylamine (0.2 g) 
in acetonitrile (1 mL) is refluxed under nitrogen for 16 hours. Solvent is removed in vacuo and 
the solid residue is purified by silica gel chromatography eluting first with 20% acetonitrile in 
methylene chloride followed by 7% methanol in methylene chloride. 

Example 63: Formula TI: R= e t hvl: R'=H: n= 1: taken together with the carbon atoms tP which , 
thev are attached. R2 a. R22. R2& and R22 form a 2'-phenvl-imidazole with C-9 and C-1Q 
becoming positions 5' and 4' of the heterocyclic system: RfiQ= OH (R configuration); R $%iL 
A solution of the product of Example 60 (0.83 g), benzamidine hydrochloride hydrate (0.3 g) 
and triemylamine (0.2 g) in isopropyl alcohol (5 mL) is refluxed under nitrogen for 24 hours. 
Solvent is removed in vacuo, and the solid residue is purified by silica gel chromatography 
eluting with. 10% methanol in methylene chloride. 
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Pv ^plf. 64: Formula IT: R= ethyl- R'-ff; P- V. ttftCT 
^^■ a tt a ched.R2fi,_R22^2aand£29 r„.m i «>' p h e nyl ^n-mlf with C-P and MO 

V an H 4- nf t h. hnmw^ system; R ®r O H ron ^n); R *^ 
A^^rfteB^ofBna^a^^be^ (0-25 g) and tnethylanune (0.2 
g) in acetonitrile (5 mL) is refluxed under nitrogen for 24 hours. Solvent is removed in vacuo 
Lthesolidresidue is purified by siUca gel chromatography elutmgwim 10% methanols 
methylene chloride. 

f „ ?r f . p^m. VTT- F- ethyl - R'=ff; n= l; Ri - t-h ^ldim^lylpxy (R 

r „ ^una R2 2 ^2 %iL £^3 % I L El3- r-h.tyldimethyl.ily^; 

nr a< inrjj!^ m-m rrr ft,pr an nxo group - ^ , - 

Toasoluuonoffceproduaof^ 

stirring atO °C l-(2-e m yl)-2,2,5,5-te,^ magnesium 
b ronHd*(lMmTHF,l^ 

stir for4hours.TTiereactionmixture is worked up wim saturated a^nmomumcUonde (50 mL) 
and extracted with ethyl acetate (3x50 mL). The combined organic phase is washed with 
water, brine and dried over magnesium sulfate. The product is purified by silica gel 
chromatography eluting with 3% methanol in methylene chloride. 

q. Q ^ r nf th. hPtemr yrlfe svstem: Rfl>- OH ffi confifniratipn); R^%1L 
40% Aqueous hydrofluoric acid (1 mL) is added dropwise into a solution of the product of 
Example 65 (1.1 g) in acetonitrile (10 mL) at 0 °C The reaction mixture is stirred at room 
temperature for 2 hours. The reaction mixture is diluted with water (50 mL), extracted wrth 
ethyl acetate (3x50 mL), dried over magnesium sulfate and the solvent is removed^. 

eluent 

r n rr r 

SEZS-*** (U g) is addedinto a solution of theproductof B*an>ple 54 (U 
g) and eAytaedianune (0.1 g) in dry benzene, and the suspension is sorted at 50 C for 24 
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hours. The solid is filtered off, and solvent is removed in vacuo. The product is purified by 
silica gel chromatography eluting with 3% methanol in methylene chloride. 

Fxamnle 68: Formula TT: R= et h vl: R'=H: n= 1: taken together with the carbon , atoms tQ which 
nV.v are attached. R2 6 r2X R2& and R2Sfnrm a pvrazine with C-9 and C.-10 becoming 
positions 2' and V nf the, hetero nvnlic system: R&= OH (/? configuration.); Pff=ii 
The product of Example 67 is deprotected to give the title compound and purified according to 
the procedure of Example 60. 

Example 69: Formula VTT: R= e t hvl: R'=H: n= 1: RL= t-butvldimethvlsiWlffXY <R 
r.nnfigiirationV one of R2 1 and R2 2 is r2-H ^-dioxolanv1)l-2-ethvl and the Other js QH; R2 3= 
£^£^24-^31-^32= H; R2 2= t-hutvldimethvlsilvloxv: R3 4= H: R35_andR.3 g taken together 
form an oxo group. 

To a solution of the product of Example 54 (1 g) in dry tetrahydrofuran (10 mL) is added under 
stirring at 0 °C 2-(2-ethyl)-l,3-dioxolane magnesium bromide (1 M in Tiff, 1.5 mL). The 
reaction mixture is allowed to reach room temperature and stir for 4 hours. The reaction 
mixture is worked up with saturated ammonium chloride (50 mL) and extracted with ethyl 
acetate (3x50 mL). The combined organic phases are washed with water, brine and dried over 
magnesium sulfate. The product is purified by silica gel chromatography eluting with 3% 
methanol in methylene chloride. 

Example 70: Formula VTT: R= e t hvl: R I =H: n= 1: Rl= t-hutvldimethvlsilvlpxy (R 
configuration) ; tpkftn toother with the carbon atoms to which thev are attached, RffJBAjffi 
P22f n r m a pyridine with T-9 and C-10 h emming positions 3' and ? pf the heterocyclic 
P33- T .h»MHim ft thv1silv1oxv: Rl l=H: K&sJkB&zBtfPjiAB P tfl k CT together 
form an nxo group: R® = OH (R configuration^: R&= H. 

A solution of the product of Example 69 (1 g), oxalic acid (0.2 g) and acetaldehyde (0,5 mL) in 
wet methylene chloride (5 mL) is stirred under nitrogen overnight. Solvent is removed in vacuo 
and the reaction crude is partitioned between ethyl acetate and aqueous sodium bicarbonate. 
The solution is dried over magnesium sulfate and the solvent is removed in vacuo. The residue 
is redissolved in isopropyl alcohol (5 mL) and ammonium hydroxide (0.5 mL) is added. The 
reaction mixture is allowed to stir at room temperature overnight. After removal of solvent in 
vacuo, the product is purified by silica gel chromatography eluting with 40% acetone in 
hexanes. 
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^ *~ attached. R2 fi. RRtfaadtf g frnn w imMfrr with C-9 Pnd C-1 0 toMMg 
P^Honc T and T of th - h - t— *> OH ^ ™^ratipn); Rfi %ii 

The product of Example 70 is deprotected and purified according to the procedure of Example 
60 to give the title compound. 

; to which 

,w ar. cached. Rtt tfUgjaLBr * form a pyridine with r-Q and C.-1Q becoming 
PP^. A- and V of t h - f^n^riir. system: R^?- OH f j? conation . ); R^ =iL 
A solution of the oroduct of Example 69 (1 g). oxalic acid (0,2 g) and acetaldehyde (0,5 mL) m 
wet methylene chloride is stirred under nitrogen overnight. Solvent is removed and the reaction 
mixture is partitioned between ethyl acetate and aqueous sodium bicarbonate. After removal of 
the solvent, the residue is redissolved in isopropyl alcohol (5 mL) and hydrazine (0.035 g) is 
added Thereactionmixture is allowed to stir at room temperature overnight After removal of 
solvent, the bis-silylated product is purified by silica gel chromatography and is deprotected 
according to the procedure of Example 60. 

7* Ma tt. P - ^i- R'=H: n = 1- t*rn tocher with the carbon .tOPis tp whjph 
attached. R2 u^22^2&^E2§ form n v<mmnMw***V *W ™ and C- 0 

A solution of ascomycin (0.8 g), 4,5-dia^opyridazine (0.2 g) and N-methyhnorphohne (0.2 
g) in isopropyl alcohol (5 mL) is heated at 80 to 90 °C for 12 hours. Solvent is removed and 
productpurified by silica gel chromatography eluting with 40% acetone in hexanes. 

1 74 an d 74h- Form ul a ™ R = eTlhvTT F'= H - n~ 1 1 taVpn to g* th f r with the 

nr r " - -l it i— - r2 *. RKjgajaLB g frnn i> iwrirtnP 4-hlpw.ine with C- 

o a nH r.tn he-corne r P"*"™ r and 3 ' of thf> h^roryclic system; R%LQEi£ 
ronfifrnrafiniri: R^JLaM 



gUt y^?fiX?TjI?^.r W fir m r tt"^ ^™"™ r-Q and C-1Q becoming 
r ^ fTi TTm t on. r nf fl r f^vHir. system: RfiQ- oh CE conflation , ); Hfe fc 
A solution of ascomycin (0.8 g), 4,5-rtammopyridine (0.2 g) and N-methylmorphohne (0.2 g) 
in isopropyl alcohol (5 mL) is heated at 80 to 90 °C for 12 hours. Solvent is removed, and the 
products purified by silica gel chromatography eluting with 40% acetone in hexanes. 

fivam nlP-s 75a f " d 75h: Forrr ftyTp TP R= ethv . „ - ■ ■■- ■ . 

rrTn Tf ... ^ ,w attached. R2 6, R 22^2&^L&2S fnrni H pyridoP VMpvrazir.e with C- 
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Q and C-10 bennminp positio ns V and T of the heterocyclic SVStem; R^kQHiS 
configuration): R65= H. and 

Formula II: R= ethvl: R'=H: n= 1 : taken to other with the carbon atoms to which thev are 
attached. R2 6 RSI R2& and R2 £ form a D vri dor2.3-h1nvra7.ine with C-9 and C-10 bgcornjng 
positions y and 2' «f th* heterocyclic system: R^= OHiE^Jil^^ OH fj? configuration . ); 

A solution of ascomycin (0.8 g), 2,3-diaminopyridine (0.2 g) and N-methylmorpholine (0.2 g) 
in isopropyl alcohol (5 mL) is heated at 80 to 90 6 C for 12 hours. Solvent is removed, and the 
products are purified by silica gel chromatography eluting with 40% acetone in hexanes. 

Rumples 76a and 76h: Formula I T- R= ethvl: R'=H: n= 1 : taken together with the carhop 
atoms to which they are attached. R2 6 R2Z, R2&anjLR.2 g form a pteridine with C-9 ffld C-10 
becoming positions 7' and 6' of H.* heterocyclic system: R&= OH (F confipuTtfiQn,); Rff=ii 
and 

Formula n: R= ethyl: R'=H: n= 1 ; taken together with the carbon atoms tO whfch, thCY MS 
attached. R2 6. R22. R2 & and R2S form a pteridine with C-9 and C-10 becoming positions 6' and 
7' of the heterocyclic system: R®= OH <K configuration): R65= H. 

A solution of ascomycin (0.8 g), 4,5-diammopyrimidine (0.2 g) and N-methylmorpholine (0.2 
g) in isopropyl alcohol (5 mL) is heated at 80 to 90 °C for 12 hours. Solvent is removed and 
products purified by silica gel chromatography eluting with 20% methanol in methylene 
chloride. 

F.vam ple 77: Form ylf. V- P= »thy1- R'=H: n= 1 : Rl= H: J&= R^Jjl&&E± 
hutvldimethvlsilvloxv: R24= H: R3 5 and Retaken together form an oxQ group. 
To a solution of the product of Example 259 (15 g) and imidazole (3.75 g) in dry N,N- 
dimemylformamide (200 mL), tert-butyldimethylchlorosilane is added in portions and stirred at 
room temperature for 90 hours. N,N-dimethylformamide and excess tert- 
butyldimethylchlorosUane is removed by distiUation (bath 30 °C at 0.8 torn). The solid residue 
is extracted with anhydrous ether (4 x 50 mL). Ether is removed in vacuo and the solid residue 
is purified by silica gel chromatography eluting with 5% acetone in hexanes. 

Example 78: Formula W: R= ethyl: R'=H: n= 1: Rl= H : one of Rg lflULR^ M p-butyl and the 
other is OH: R2 2=j^2%j^%£22=Hj L E33= t-hntvlHim^thvlsilvloxv: R34= H: 

R 36 Tfl'TTFI t n r thftr fnrm an 0X0 aaaD - 

The product of Example 77 (0.5 g) is dissolved in dry tetrahydrofuran (10 mL) and cooled to 
-78 °C. n-Butyl lithium (1.6 M in Hexanes, 0.5 mL) is added in slow dropwise. The reaction 
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mixture is allowed to stir at -78 °C for 2 hours and worked up with saturated ammonium 
chloride and ether. Product is purified by silica gel chromatography eluting with ether. 

The product of Example 78 is deprotected and purified according to the procedure of Example 
60 to give the title compound. 

^ w^, VTT: P- ethvl- n= 1; Ri^m^^^i^W^ 

The product of Example 77 (0.5 g) is dissolved in dry tetrahydrofuran (10 mL) and cooled to - 
78 °C Benzylmagnesium chloride (2 M in tetrahydrofuran, 0.5 mL) is slowly added dropwise. 
The reaction mixture is allowed to stir at -78 °C for 1 hour, 0 °C for 4 hours and worked up 
with saturated ammonium chloride and ether. The product is purified by silica gel 
chromatography eluting with ethen 

other is OH; R23=£H^=£L 

The product of Example 80 is deprotected andpurified according to the procedure of Example 
60 to give the title compound. 

,0. ^ VTT: P^ r** W P= V, R^^L^2. i&la ^ S ^ 
*». nftr is OH: R2 3^QJj I J^% IiLE 21=£3^H^33,- r^tYldlniPlWwT^ 
and R3 6 Trtri t?fr thftr fnrm an 0X0 

The product of Example 82 is prepared from the product of Example 77 and punfiedaccordmg 

to procedure of Example 58. 

. Trrr ,. ^„l, Wr P. ethvV W; n= 1; BfeJLlMJg^^ 

fr ^n ^y ^ ^m^wMiBg-n both oxYppmaFroPnf^d with a 

^^nnvl bridge: RMJfefettP- 1 b ^ldi^lYlO^ R^%i3^^ 

O-Phenyl chlorothioformate (0.07 g) is added into a stirred mixture of the product of Example 
82 (0 3 g) and 4-dimemylaminopyridine (0.3 g) in anhydrous acetonitrile (5 mL). After stunng 
at room temperature for 1 hour, the solution is diluted with ether (30 mL) and washed with 
brine The organicphase is dried over magnesium sulfate, and the solvent is removed* vacuo. 
The residue is purified by silica gel chromatography eluting with 20% acetone in hexanes. 
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Fxam ple 84: Formula TV: R= ethvl: R'=H: n= 1: Ri= H: one of R^ JffliLR ^is , hydrogen ^ d 
the, other is O. which when taken together with R22= O, both oxygens are connected with a 
thiocarhonvl bridge: R^= H. 

The product of Example 83 is deprotected and purified according to the procedure of Example 
60 to give the title compound. 

Example 85: Formula VTT: R= eth v l: R'=H: n= 1: Rl= H: one of R2 1 jmLRg fr hydrogen and 
the other is O. which when ta k en together with R22= Q, both oxygens are connected with ft 
carhonvl bridge: R2 i= H- R21= R32= H: R22= t-hntvldimethvlsilvloxv: m*JSiB&ja&&& 
tatren together fnrm an oxo group. 

The product of Example 82 (1 g) is dissolved in 1,2-dichloroethane (15 mL) and N,N- 
carbonyldiimidazole (0.188 g) is added in portions to the mixture with stirring. After stirring at 
room temperature for 26 hours, the solvent is removed in vacuo and the residue is purified by 
silica gel chromatography eluting with 10 % acetone in hexanes. 

Example 86: Formula TV: R= ethvl : R '= H : n= 1; Rl= H; One of R^ jyaLS ^js , hydrogen H*d 
the other is O- which when taken together with R2 2= O hoih oxygens are, connected with a 
carhonvl bridge: R24= H. 

The title compound is prepared from the product of Example 85 and purified according to the 
procedure of Example 60. 

Example 87: Formula VTT: R= ethvl: R'=H: n= 1: Rl= H ; o ne of R^ j*nd_g22 .js hydrogen and 
the other is O which when taken together with R2 3= O hoth oxygens are connected with a 
rm 2^^24 = j ai p31-g32^ p p33= t-hntvlriimethvlsilvloxv: R24= H;il2SanjLR2fi 

taken together form an oxo group. 

Methyl dichlorophosphate (0.15 g) in methylene chloride (10 mL) is added into a stirred 
mixture of the product of Example 82 (1 g) and 4-dimethylaminopyridine (0.5 g) in anhydrous 
methylene chloride (15 mL). After stirring at room temperature for 27 hours, solvent is 
removed in vacuo. The residue is diluted with ethyl ether (100 mL) and washed with brine, 
dried over magnesium sulfate and the solvent is removed in vacuo. The residue is purified by 
silica gel chromatography eluting with 20% acetone in hexanes. 

Example 88: Formula TV: R= ethvl: R'=H: n= 1: Rl= H ; one of R^ aME ^js hydrogen and 
the other is O. which when tak e n together with R22= Q. both OXVgenS are connected , with a 
PrOVOCHV): R*t= H- 
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The title compound is prepared from the product of Example 87 according to the procedure of 

Example 60. 

SO- Fnnnnla W »- ^ *™ n= 1: E^m^^M^i^mMM 
^ i, a which wh^ tn r th ft r with R23= O both PEYBW *ff WMfa * 

thincarbonv l bridge: R24=EL 

The title compound is prepared from the product of Example 78 by using the procedures 
described in Example 84. 

C ^ r ,» 00, Fnrmnla TV' ?' ^ »«* - ^ R^B^iin^^ 
together for m a bond: R24=1L 

To amixture of theproduct of Example 89 (0.5 g) and ^-azobisisobutyronitrile (catalytic 
amount) in anhydrous toluene (10 mL) is added tri-n-butyltin hydride (1 mL) over 0.5 hours. 
The solvent is removed in vacuo and the residue is purified by silica gel chromatography 
during with 10 % acetone in hexanes. 

^ rnr1 r o,. Ma TV p-^itt^ l: RI=H: R21^^^21 MmmS ^r 

formabQpd;R2%|L , . ... 

The tide compound is prepared from the product of Example 84 usrng the procedure descnbed 

in Example 90. 

p „ n rr ,. oo. TV P- ethvT fr=ff; n- h Ri^^2 %i ^2%^2 %IL 

Zinc dust (1 g) is added into a stirred solution of the product of Example 86 (0.5 g) in glacial 
acetic acid (5 mL) and stirred atroom temperature for 35 hours. The reaction mixture is diluted 
with methylene chloride (150 mL) and the solid is filtered off and triturated with methylene 
chloride (3x50 mL). Solvent is removed in vacuo, and the residue is purified with silica gel 
chromatography (10 g) eluting with ether. 

•„ n ft wn m^th.r with R2 3- O both mrrw «« com**"* with p fflrfripyl frndgg l 
R24=JL 

The title compound is prepared from the product of Example 78 according to the procedures 
used in Example 86^ 
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The title compound is prepared from the product of Example 93 according to the procedures 
used in Example 92. 

RMinnles 96a and 96h- Formula TTT- R = ethyl: R' = H: n = 1: R3 1 = R3 4 = H; taken together 
with the carbon atoms to which thev are attached. R3 2 and R33 form a 3-phenvl-2-isoxazoline 
with C-23 and C-24 becoming positions 4' and 5' respectively of th e heterocyclic system; 
anH R2 fi tatan mother form an nxn group: and Formula PI: R = ethvl; R' = H; n= 1; RA= 
£34 = H: taken toother with th* rarhnn atom s to which thev are attached. R22 and R^iomLa 
3-phenvl-2-isoxazoline with C-23 and C-2 4 becoming positions 5' and 4' respectively pf the 
heterocyclic system: Rj S and R3fitaten together form an oxo group. 
A^Ghlorosuccinimide (2.67 g, 20 mmol) was suspended in chloroform (20 mL) with pyridine 
(0.1 mL). Benzaldehyde oxime (2.42 g, 20 mmol) was added to the suspension. Twenty 
minutes hence, the AT-chlorosuccinimide had dissolved, and the resultant solution was stored 
under nitrogen. The product of Example 36 (1.006 g, 1.29 mmol) was dissolved in dry 
chloroform. The hydroxamic acid chloride solution (4 mL) prepared above was introduced, 
and the mixture was heated to 48*C as triethylamine (0.4 mL) was slowly added. After 25 
hours, the reaction mixture was cooled, and the volatiles were removed under reduced 
pressure. The crude material was purified by flash chromatography over silica gel (elution with 
hexanes:acetone 3:2) to supply the title compounds . 

Example 96a: IR (CDC1 3 ) cm-1 3420, 2950, 1780, 1750, 1720, 1340, 1160; *H NMR . 
(CDCI3, 500 MHz) delta 7.70-7.35 (m, 5 H), 5.38 (s, 1 H) & 5.15 (d, J = 7.7 Hz, 1 H), 4.73 
(dd, J = 6, 10 Hz, 1 H) & 4.64 (coupling obscured), 4.16 (d, J = 7 Hz, 1 H) & 4.13 (d, J = 7 
Hz, 1 H); MS (FAB) m/z\ M + K = 931. 

Example 96b: IR (CDCI3) cnr 1 2930, 1750, 1720, 1700, 1650, 1450, 1090; *H NMR 
(CDCI3, 500 MHz) delta 5.37 (d, J = 7 Hz, 1 H) & 5.23 (d, 7 = 3 Hz, 1 H), 5.18 (br s, 1 H) 
& 4.89 (d, J = 7.7 Hz, 1 H), 4.30 (m, 1 H) & 4.05 (m, 1 H); MS (FAB) m/v. M + K = 931. 

Examples 97a and 97c: Formula TTT: R = ethvl: R' = H:n = l:R3 1 = HlR2 2 = -C(Q)Ph; R^ = 
hvdroxv: R34 = H: R2 5 and R M taken togeth er form an oxo group: and Formula TJI: R = ethvl; 
R' = H: n = l: R3 1 and R & taVe.n mother form a bond: R32 = -C(Q)Ph; R^ =^^^1^36 
taken tog ether form an oxo group. 

Example 97a: The product of Example 96a (51.7 mg,.058 mmol) is dissolved in acetonitrile 
containing 1% water (5 mL) to which molybdenum hexacarbonyl (7.6 mg, 0.029 mmol) is 
added. The mixture is heated to reflux for several hours turning a darker blue throughout this 
time. The reaction mixture is cooled, and a small amount of silica gel is added prior to solvent 
removal under reduced pressure. The residue is applied to a silica gel column and the tide 
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product, the beta-hydroxy ketone, as well as the dehydration product Example 97c, are eluted 

with ether. 

x^ pl. Q7H- Fnrmnl p ^ ° = 1: J^WJL^ 

-CYQ->Ph: R& = H: and R3fi wVph together form m QXQ KTP"P. 

The product of Example 96b is reduced in the presence of water using the methodology 

ascribed above to furnish the title compound. 

m,. TTT * P- n=T»R f =-H: R^ H^R^iL£2%^3%H^^ 

^ p36 to^n to pper is =NR2 &; R3J L= -OCFftCOQH- 

Ascomycin (300 mg, 0.4 mmol), carboxvmemoxylamine hemi-hydrochlonde (250 mg,1.2 
mmol) and pyridine (100 uL,1.2 mmol) m ethanol 10 mL were refluxed for 4 hours. The 
solvent was evaporated, and theresidue was taken up in EtOAc, washed sequentially wxth 
H 2 0 dilute acid (0.2 M H3PO4), and brine and dried over Na 2 S0 4 . Concentration under 
vacuum gave 430 mg of crude material which was purified by reverse phase-HPLC (21.4 mm 
IDx25cm C18,8Mmsmca,DYNAMAXprepar a tiveHPI^(Rainin)). Elution (15 miymm) 
was performed with a linear gradient from 55:45 (H2O-CH3CN containing 0.1% TFA) to 
10:90 over 30 min. Combination of selected fractions, evaporation of CH3CN and 
lyophilizationgave 124 mg of the title compound. MS (FAB) m/z: M+K = 903. 

p35= nw ^-confimiration); K&=Ml 

To a solution of 48% aqueous HF (16 uL) in CH3CN (1 mL) was added the product of 
Example 103c. below (S-isomer, 70 mg) in CH3CN (1 mL). The mixture was stirred for 0.5 
hours Tfcesolventwas re moved,andmecmde 

chromatography using 2% MeOH/CH 2 Cl 2 , yielding 48 mg of the title compound. MS (FAB) 
m/z: M+K 814. 

The title compound was prepared using a procedure analogous to that of Example 103a, 
starting from the product of Example 103d, below, 
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Examples 103c and 103d: Fnmiula V: R= e thyl: n=l: R'= H: Rl= t-butvldimethvlsilvloxy; 
p31-^32-^33 fL n^?M= H- r35= OH ^-configuration^ R2fi= H: and Formula V; 
R= ethvl: n=l : R'=H: Rl= t-bu tvlriimftthvlsil vloxv: R31= H; R32= H: R22=jffl^34=H; 
R2 5= H: R3 6= OH fR-configurationV 

To a solution of the product of Example 8a (100 mg, 0.1 mmol) and sodium 
triacetoxyborohydride (25.7 mg, 0.1 1 mmol) in CH3CN (1 mL) at 0 °C was slowly added 
acetic acid (24 uL, 0.33 mmol). After stirring at 0 °C for 2 hours, the reaction mixture was 
quenched with water and stirred for an additional 0.5 hours. The solution was extracted with 
EtOAc, the organic phase was washed with H2O, brine and dried over Na2S04- Evaporation 
of the solvent gave 94 mg of the crude material which was chromatographed over silica gel 
using 20% EiOAc/CHCl'3 as an eluent Unreacted starting material (10 mg), 18 mg of Example 
103d, the silylated minor isomer (R), and 52 mg of Example 103c, the silylated major isomer 
(S), were collected. 

Example 104a: Formula V: R= ethvl: n=l: R '== H: Rl= t-butvldimethvlsilvloxv: R^= H:.R32= 
^23=0^*24= H- R2S= OSifMe2W-Bu (S-confi miration^: R^JL 
To a solution of the product of Example 103c, below (1.0 g, 1.1 mmol) in CH2CI2 (20 mL) 
was added r-butyldimethylsilyl chloride (730 mg, 4.84 mmol) and imidazole (660 mg, 9.68 
mmol). This was stirred at room temperature for 5.5 hours. The reaction mixture was 
quenched with saturated NH4CI, and diluted with EtOAc. The organic phase was washed with 
saturated NH4CI, saturated NaHC03, brine and dried over Na2S04. The solvent was 
evaporated and 1.32 g of the crude material was chromatographed over silica gel column to 
give 868 mg of disilylated product and 140 mg of the recovered starting material. 

Example 104b: Formula V: R= ethvl: n=l: R'= P - R 1 = OSifMe2lt-Bu: R^= H: R22=BlR32 
and RM taken together form an oxo group: R2 S= t-hutvldimethvlsilvloxv (S-configuration); 

To a -78 °C solution of oxalyl chloride (40 uL, 0.44 mmol) in 1 mL of methylene chloride was 
added a solution of dimethylsulfoxide (60 ul, 0.88 mmol) in 1 mL of methylene chloride and . 
the mixture was aged at -78 °C for 30 min. A solution of the disilylated product of Example 
104a (170 mg, 0.2 mmol) in methylene chloride (1 mL) was added. The reaction was carried 
out at -78 °C for 3 hours with stirring and triethylamine (270 uL, 2.0 mmol) was added. After 
stirring at -78 °C for 20 min, it was then allowed to stand to room temperature for 30 min. The 
reaction mixture was partitioned between 40 mL of ethylacetate and 10 mL of 10%-NaHSO4 
solution. The organic layer was washed with 10%-NaHSO4, water (x 3), brine, and dried over 
anhydrous magnesium sulfate. Evaporation of the solvent gave 160 mg of the crude material. 
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fflprtt rrfam, an n*n group: R35- OH fs^onfiruratign,); R3%iL 

Aqueous HF cleavage of the resultant product of Example 104b foUowed by silica gel column 
purification provided 85 mg of the title compound. MS (FAB) mfc M+K = 830. 

i^ pi. M*r Forr ™ '» tt. p= a uv1- R-=H- 1 - taken together with thr carhoii atoms to 
^ ,w m attached. R M , R21j^2&a a dJR2 2 -f 0 rm a q^nrfP^ wifhC-9 and C-1Q 

A solution of FK-506 (0.41 g), o-phenylenediamine (0.108 g) and N-methylmorpholme 
(0 072 g) in absolute ethanol (3 mL) is refluxed under nitrogen overnight Solvent is removed 
in vacuo and product is purified on silica gel (10 g) with methylene chloride/acetomtnle (5:2, 
v/v) elution, followed by 40% acetone in hexanes to give the desired compound. 

^ rr p u Utth. Fnrmul. f »- r r* 1 ' ™V.n to^r with ftp ^ Vm* 

„, frh ^ m attached. R2 6. Bfljftjalfi ftftTrm a qpjhaxalinr with C-9 and C-1Q 

w^- r pndrihn, t t , i » ~* t y*™™** Rfl - oh <R confirm); 

TheproductofExample 105a (150 mg) and 10% Pd/C (30 mg) in ethylacetate (6 ml) are 
hydrogenated at room temperature for 20 min at 1 atm. The catalyst is filtered, the solvent is 
concentrated, and the resulting crade material is purified by silicagel column chromatography 
(eluting solvent, chloroform/acetone 5:1) to give the title compound. 

n n it Y . p- ^vt> p«i : n=i: Ri- ororH^HN-MQC; R3l s fl*32= JL g3a = 

nrnr ^ffoWN-FMOC: R2 ^H^^ad^, taVcn tn^ther form o*Q gTQ"P. 
To a stirred solution of ascomycin (142.5 mg, 0.180 mmol)and FMOC-beta-alanine (56.0 mg, 
0 180 rnmol) in dry dichloromethane (1.8 mL) were added l-(3-dimemylaniino piopyl)-3- 
emylcarbociiirnide hydrochloride (38.0 mg, 0.198 mmol) and DMAP (2.2 mg, 0.018 mmol) 
After 2 5 days, more FMOC-beta-alanine (42.0 mg) and DMAP (1.5 mg) were added. After 6 
hours, the mixture was evaporated, and the residue was chromatographed on srlica gel using 
ether/dichloromethane (1/2) as eluent Combination of selected fractions provided theirs polar 
bis-acylated product Example 106b 1R NMR (500 MHz, CDCI 3 > delta 2.55 (br, 4H), 3.32 (s, 
3H) 4 37(br d, 2H),4.42 (br d, 2H), 7.32 ft 4H), 7.39 ft 4H), 7.59 (d, 2H), 7.61 (m, 2H), 
776(d 4H))aswellas the mono-acylated product Example 106a (76mg): lHNMR(500 
MHz, CDCI3) delta 2.55 (br), 3.32 (s, 3H), 4.42 (br d), 5.49 (m, 1H), 7.32 ft 2H), 7.39 ft 
2H), 7.59 (d, 2H), 7.76 (d, 2H). 
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F.Tamnlft 107: Formula T: R= e thvlr R'=H: n=l: Rl= OCOCH7CH7NH7 

To a stirred solution of the product of Example 106a (9.0 mg, 0.0082 mmol) in dry THF (0.8 
mL) was added piperidine (4.0 uL, 0.041 mmol). After TLC showed complete reaction, the 
solvent was evaporated, and the solid residue was triturated 3 times with ether/hexane (1/2) to 
give the desired product as a white solid. Yield: 5.5 mg. MS (FAB) m/z: M+K = 901. 

Example 108: Formula TV: R= propyl: R'=H: n= 1 : Ri= henzovloxv taken tOPCtfrPT with, fte 
carbon atoms to which thev are attarhftd. R26. R 27. R28 and R29 form a ouinoxaline with C-9 
anrt C-10 becoming nositions ?' anrt T of the hp.tfirncvclic system: R®= OH (R configuration); 

To a stirred 0 °C solution of the resultant compound of Example 105b (32 mg) in dry THF 
(200 uL) are added benzoyl chloride (20 uL) and pyridine (50 uL). After TLC shows 
consumption of the resultant compound of example 105b, the solvent is evaporated, and the 
residue is chromatographed on silica gel. Combination of selected fractions provides the 
mono-acylated product Example 108. 

Example 109: Formula I: R= ethvl: R'= H: n= 1: Rl = -prHofYrttOCoHs (R configuration), 
A solution of ascomycin (0.5 g, 0.63 mmol) in dichloromethane (10 mL) containing 
rhodium(JJ)acetate dimer (3 mg) was refluxed while ethyl diazoacetate (66 uL, 0.63 mmol) in 
dichloromethane (1 mL) was added dropwise. After complete addition the reaction was 
refluxed for 30 minutes and additional ethyl diazoacetate (132 uL, 1.26 mmol) in 
dichloromethane (1.5 mL) was added dropwise with reflux continuing 30 minutes after 
complete addition. Solvent was removed in vacuo and the residue purified by HPLC on silica 
gel eluting with hexane:acetone (3: 1). Fractions containing desired product were pooled, 
concentrated, dissolved in CCU, and concentrated to constant weight under high vacuum to 
give the desired product (274 mg) as an oil in 50% yield. IR (CDCI3) 3500, 2930, 1742, 
1700, 1645, 1452 cm"l; 13c NMR (125 MHz) delta 9.4, 11.7, 14.1, 14.2, 15.8, 16.2, 20.5, 
21.1, 24.2, 24.6, 26.3, 27.6, 30.3, 30.8, 32.7, 32.9, 33.6, 34.6, 36.4, 39.2, 39.7, 43.1, 
48.7, 54.7, 56.3, 56.6, 56.9, 57.2, 60.6, 68.5, 70.1, 72.9, 73.7, 75.2, 77.2, 82.8, 83.6, 
97.0, 123.1, 129.6, 132.4, 138.7, 164.7, 169.0, 171.1, 196.1, 213.5; MS (FAB) m/z: M+K 
= 916; Anal, calc'd. for C47H 75 NOi4-1.0 CCI4: C, 54.70; H, 7.33; N, 1.36. Found: C, 
54.42; H, 7.22; N, 1.26. 

Fvample. 110: For mnla T- R= Pthvl: R'= H: n= 1: Rl= -OCH7C(O)0CH?CftH«iiR 
configuration'). 

The prior procedure was modified using benzyl diazoacetate instead of ethyl diazoacetate. 
Ascomycin (0.5 g) provided title compound (0.1 g) in 20% yield, mp. 65-72 °C; IR (CDCI3) 
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3510 2930, 1740, 1695, 1642, 1450 curl; 13 C NMR (125 MHz) delta 9.4, 11.7. 14.1, 
15 8,' 16.2, 20.4, 21.1, 24.1, 24.5, 26.3, 27.6, 30.3, 30.8, 32.7, 32.8, 34.4, 34.5. 36.3, 
39 2 39 6 43.1, 48.6, 53.4, 54.6, 56.3, 56.6, 57.1, 66.3, 68.5, 70.1, 72.8, 73.6, 75.1, 
76 s! 82.7, 83.6, 96.9, 123.0, 128.3, 128.4, 128.5, 129.5,. 132.3, 135.6, 138.7, 164.7, 
168.9, 171.0, 196.2, 213.4; MS (FAB) mfc M + H-H 2 0 = 922, M+K = 978. Anal, calc'd. for 
C52H77NO14: C, 66.43; H, 8.26; N, 1.49. Found: C, 66.12; H, 8.14; N, 1.41. 

n^n pV in- Pnm.nl - * -Q^(Q)QH. 
TheresuImtproductofEx^^ 

in a flask and the vessel was flushed with nitrogen for 10 min. Methanol (250 uL) wasadded 
via syringe, and the reaction stirred under a hydrogen atmosphere (1 atm) for 45 nun. The 
mixture was filtered, the catalyst washed with additional methanol (1 mL), and the solvent 
removed in vacua. The resulting residue was partitioned between ethyl acetate (5 mL) and 
water (5 mL), the organic layer was dried (MgS0 4 ), filtered and concentrated to constant 
weight, thus producing the title compound (23 mg) as a white powder. 

gI^i^Rl5iSi%HiRl%ien5Sl 

The product of Example 111 (849 mg) in DMF (3 mL) was treated with N.N 1 - 
carbonyldiimidazole (162 mg) for 5 minutes at room temperature, whereupon benzylamine 
(107 mg) was added all at once. After 3 hours, the mixture was partitioned between EtOAc (20 
mL) and water (20 mL). and extracted once again with EtOAc (10 mL). The organic* were 
combined, washed with 0.5 H HC1 (20 mL) and brine (2 x 20 mL), dried (MgS0 4 ), filtered 
and concentrated to dryness. Purification by chromatography on silica gel eluting with 
hexaneracetone (3:1) gave the title compound (568 mg). MS (FAB) m/z: (M+K) = 938. 

^ p 1. t H- FarmuT , - »>= H: n= 1: Rl = -DCIfa£(QJE ^ fF codfigwrtw); 

The product of Example 111 is activated as in Example 1 12 and then treated with N,N- 
memyl,beiizylamine instead of benzylamine to provide the title compound. 

^ rf . , 1* R^ula r- f-**** P^H: n= 1: R^ ^CimQJS ^ (* confine** 

Theproduct of Example 111 is activated as in Example 112 and then treated with gaseous 
ammonia instead of benzylamine to provide the tide compound. 
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Examnle 1 15: Formula T: R= eth y l- R'= H: n= 1: Rl= -OCKbaOIR^ fR configuiatipn , ); 
Kl2= ismlARli: Rl 4= H: R -^= 

The product of Example 1 1 1 is activated as in Example 1 12 and then treated with methylamine 
instead of benzylamine to provide the title compound. 

Example 1 16: Formula T: R= ethvl: R'=H: n= 1: Rl= -OCH7C(Q)R^ (R confi^ratjon); 

The product of Example 1 1 1 is activated as in Example 1 12 and then treated with 
dimethylamine instead of benzylamine to provide the title compound. 

Example 117: Formula T: R= eth v l: R'=H: n= 1: Rl= -OCH?C(0)Rl2 (R confisuratipq); 
Rl2= NRMRii; Rl4=JH^_Rl^thyl 

The product of Example 1 1 1 is activated as in Example 1 12 and then treated with ethylamine 
instead of benzylamine to provide the tide compound. 

Examnte 1 1 8: Formula T: R= ethvl: R'=H: n= 1: Rl= -QCH7C(Q)R- ^ (R configuration); 

gl2= ^r14rI5 : r! 4= CBr . R^= ethv.U 

The product of Example 1 1 1 is activated as in Example 1 12 and then treated with N.N- 
methyl,ethylamine instead of benzylamine to provide the tide compound. 

Example 1 19: Formula T: R= ethvl: R'= H: n= 1: Rl= -OC H7C(Q)R^ (R configuration); 
£12-^14^1^14= H; Ri i= -CHoCKbCHj. 

The product of Example 1 1 1 is activated as in Example 1 12 and then treated with propylamine 
instead of benzylamine to provide the title compound. 

Exam ple 1 20: Formula T: R= ethvl: R'= H: n= 1: Ri= -OCH9C(Q)R^ (R configuration); 
Pl2-NRl4g_15^Rl4=CH2; -CKbCFbOK 

The product of Example 1 1 1 is activated as in Example 1 12 and then treated with N.N- 
methyl,propylamine instead of benzylamine to provide the title compound. 

Example 121: Formula I: R= eth v l: R'= H: n= 1 : Rl= -OCFhCf Q)R-£ (R conflation , ); 

The product of Example 11 1 is activated as in Example 112 and then treated with 2- 
aminopropane instead of benzylamine to provide the tide compound. 
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p^n pte 19.9, Forme r * p- ^- m* 1: Rl= -OCH?C(Q)R^ ffi ^figuration* 

The product of Example 1 11 is activated as in Example 1 12 and then treated with N.N- 
niemyia-methylethylamine instead of benzylamine to provide the title compound. 

p Yam p l. m- Fnrmul . J- »- *'= H: n= 1: Rl =.,QCH 2 OQ)S ^ fR wnfignWfrfl); 
p^1?_2jp 14p 15-^1%^; T?li= r.vdnpropvl 

The product of Example 111 is activated as in Example 112 and then treated with 
cyclopropylarnine instead of benzylamine to provide the tide compound. 

T^m pl. 19* Formu la t. p- P'=H: n= 1: Rl = -QCEbCgaR ttfR ™nfi OT tip n ); 
pj 7.^1 4p 15^14-^15= -rHoCHoCHoCH^. 

The product of Example 111 is activated as in Example 1 12 and then treated with n-butylamine 
instead of benzyl amine to provide the tide compound. 

n^n pl. 19.- FnnnoT f I- »- ^ P W R: n= 1 : RL = -Q£H,£(Q)R ^ (R OTlfilffffltiw); 

The product of Example 1 1 1 is activated as in Example 1 12 and then treated with N,N- 
memylbutylamine instead of benzyl amine to provide the title compound. 

Fv am r1 . 17ft Wmn - fr ? »- *±™ "= 1: B^-OCHiCfOtRttfH configuration* 
pJ^-^HfclS^M-W- Rl^-CRoCR/CHM?. 

The product of Example 1 11 is activated as in Example 1 12 and then treated with isobutylamine 
instead of benzylamine to provide die title compound. 

i^n r i. 197- Fnrmnl, t- .thvl- R- = H: n= 1 : Rl = -QCifaCIQ ^ (R ^figuration); 

14-TH i: Rl5= -CFbCHfCThK 
The product of Example 111 is activated as in Example 112 and then treated with N,N- 
ithyljsobutylamine instead of benzylamine to provide the title compound. 



mei 



pJ^-J^gUpJS^M^ff; Rl5= CVClobutvl. 

The product of Example 111 is activated as in Example 112 and then treated with 
cyclobutylamine instead of benzylamine to provide the tide compound. 
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Example 129: Formula T: R= ethvl- R'= H: n= 1: Rl= -OCH?C(0)Rtt fR configuratio n); 
p 12-MPl4pli-_Rli= H. nU= -C^CHiCHoCHoCH*. 

The product of Example 111 is activated as in Example 112 and then treated with pentylamine 
instead of benzylamine to provide the title compound. 

Example 130.: Formula T: R= ethvl- R'= H: n= 1: Rl= -OCEoC(Q)K^ ft configu ration); 
Pl2-MPl4Rll-Rl%rH 2 - Rl2= -CHoCHoCKbCFbCFR 

The product of Example 1 1 1 is activated as in Example 1 12 and then treated with N,N- 
methyl,pentylamine instead of berizylamine to provide the title compound. 

F.xamnle 131: Formula T; R= ethv l: R'= H: n= 1: Rl= -OCfibaCflR^ fR configuration); 
RI2= NRHRlS; Rl4= H: RU= .^CHoCHofCKhb. 

The product of Example 11 1 is activated as in Example 112 and then treated with 3- 
memylbutylamine instead of benzylamine to provide the title compound. 

Example 132: Formula I: R= ethvl: R'= H: n= 1: Rl = -OCH 2 aOml2 fR configuration); 
pl2^14R^Ji=TH i; Rl i= -CH 2 CH 2 CH 2 (CFhb- 

The product of Example 1 1 1 is activated as in Example 1 12 and then treated with N,N- 
memyU-memylbutylamine instead of benzylamine to provide the title compound. 

Example 1 33: Formula T: R= ethvl: R = H: n= 1: Rl= -OCH9C(0)R-^ fR confi guration); 
pl2-MPl4Rli : Ri^ Ff ; Rl5= cvclopentvl. 

The product of Example 1 1 1 is activated as in Example 1 12 and then treated with 
cyclopentylamine instead of benzylamine to provide the title compound. 

Rxample 134: Fo r mula T: R= ethvl: R'= H: n= 1: Ri= -OCH7C(Q)Ri2 (R cQr,fi m atipn>, 
£ J2-MPl4gl5.^14= Ff- RH= -rH 2 rH 2 CH 2 CH ? CH9CHr 

The product of Example 1 1 1 is activated as in Example 112 and then treated with n-hexylamine 
instead of benzylamine to provide the title compound. 

Example 135: Formula T: R= ethvl: R '=H: n=l:Rl= -QCH?C(0)R^ (R configuration; 
£12^14015^14=™,- Rli= .rHoCHoCHoCHoCHoCFh. 
The product of Example 1 1 1 is activated as in Example 1 12 and then treated with N,N- 
memyl,hexylamine instead of benzylamine to provide the title compound. 
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p qm p l P . Hft Formal t. o-^ yl- P'=H: n= l:Rl =-OCifaC(QlR ^fR configuration); 

The product of Example 1 1 1 is activated as in Example 1 12 and then treated with 
cyclohexylamine instead of benzylamine to provide the tide compound. 

c ^ r i. W7 . Ma r- v - rtlH- P ff • rr 1 • pi= -or f H 7 aO)^ fl* Portion); 
Li ?UJL^Il^-ElKiLr ,/L J!iii^ H m*"" -r-H,CHoorHorHo- tfmff forming a six 

Tn pmtawt ring i nmr pnraring the nitromv to which they are attached. 

The product of Example 1 1 1 is activated as in Example 1 12 and then treated with morpholme 

instead of benzylamine to provide the title compound. 

The product of Example 111 (1.02 g) in DMF (4 mL) is treated with N^arbonyldiimidazole 
(194 mg) for 5 minutes at room temperature, whereupon 2-hydroxyemylamine (147 mg) is 
added all at once. After 6 hours, the mixture is partitioned between EtOAc (50 mL) and water 
(30 mL), and extracted once again with EtOAc (10 mL). The organics are combined, washed 
with 0.5 N HC1 (30 mL) and brine (2 x 30 mL), dried (MgS0 4 ), filtered and concentrated to 
dryness. Purification is performed by chromatography to give the title compound. 

The product of Example 111 is activated as in Example 138 and then treated with 3- 
hydroxypropylamine instead of 2-hydroxyemylamine to provide the tide compound. 

F m 1. 1*V Formul , T- P- »*vV R' = Hr n= Ir Rl = 4CB£W P ffmfiff«fflftmV; 

L T?^T4xL^Jl 14 rrii^ 15 -^2^ m ' ,rH,OH - 

The product of Example 111 is activated as in Example 138 and then treated with 4- 

hydroxybutylamine instead of 2-hydroxyethyIamine to provide the title compound. 

f At- Fc^nl p t. P^thvT R ' = H:n= 1: fe ^CHaCfflffi ft fR c^nfj ' gpfflfon); 

ILl?^IL^£^i£ 1 ^IIi? 15 -- rw 2 r ^ rHonHoCH,OH - 

Theproduct of Example 111 is activated as in Example 138 and then treated with 5- 

hydroxypentylamine instead of 2-hydroxyemylamine to provide the title compound. 
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Example 142: Formula T: R= ethvl: R'= H: n= 1: Rl= -OCH9C(Q)R^fRcon,figural iQp); 
Jll2= NR14R1* Rl4= H: Ri^= -CH 2 CH 2 NH 2 . 

The product of Example 1 1 1 is activated as in Example 138, and then treated with 1,2- 
diaminoethane instead of 1,2-hydroxyethylamine to provide the title compound. 

Example 143: Formula T: R= eth vl- R'= H: n=l:Rl= -OCrhC(Q)Rl2 (R configuration); 
Pl2-^14P1S-P.14=fl; r13= -rHoCHoCHoNHr 

The product of Example 1 1 1 is activated as in Example 138, and then treated with 1 ,3- 
diaminopropane instead of 1,2-hydroxyemylamine to provide the tide compound. 

Example 144: Formula T: R= ethvl: R'= H: n= 1: Rl = -OCH 2 aO)Rl2 fR configuration); 
£12-mpI4p15 l p14^ h ; 1^15= ^HoHHoCrbCfibNEb. 

The product of Example 1 1 1 is activated as in Example 138, and then treated with 1,4- 
diaminobutane instead of 1,2-hydroxyemylarnine to provide the title compound. 

Example 145: Fo r mula T: R= ethvl: R'= H: n= 1; Rl= -OCH?C(0)R^ (R configuration* 
p 12-mp UpIS-j^ H- p,15= .rH 2 rH 2 rH 2 CHoCHoNHr 
The product of Example 1 1 1 is activated as in Example 138, and then treated with 1,5- 
diaminopentane instead of 1,2-hydroxyemylamine to provide the title compound. 

Example 146: Formula I: R= ethvl: R'= H: n= 1: Rl= -OCHoCfOR-^ fR configur ation);. 
£12=^^3^14= H: Ri i= -CH 2 C0 2 H. 

The product of Example 1 1 1 is activated as in Example 138, and then treated with glycine 
instead of 1,2-hydroxyethylamine to provide the title compound. 

Example 147: Formula T: R= ethvl: R'= H: n= 1: Rl= -OCH?C(Q)R^ fR confi guration); 
Ri2= Rl4= H: R^= -CHoCHoCCbH. 

The product of Example 1 1 1 is activated as in Example 138, and then treated with 3- 
aminopropanoic acid instead of 2-hydroxyethylamine to provide the title compound. 

Example 148: Formula I: R= eth v l: R'=H: n= 1: Rl= -OCrbC(0)R^ (R configuration); 
E 19 ^m U £ 1S l£ 1/ bJilg. 15 zJ3i(g- I6 l rr> 2 H i Pl ^= rH 2 ^ configuration). 
The product of Example 1 1 1 is activated as in Example 138, and then treated with (R)-2- 
aminopropanoic acid instead of 2-hydroxyethylamine to provide the title compound. 
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,. w ^ F^nl, T - *- ^ »'= * n= 1: Rl =AXZ£W *.tt PQnfi gurafon); 

me product of Example 111 is activated as in Example 138, and then treated with (S)-2- 
aminopropanoic acid instead of 2-hydroxyethylamine to provide the title compound. 

^ , «w M TTT; P- ethvl- R'= H; p- I; J^^^^BJ^^ 
t ? fon mgether farm w nxn proup. 

To a solution of ascomycin (2 g, 2.53 mmol) in dichloromethane (13.3 mL) at -78 C was 
added diethylamino sulfurtrifluoride (3.4 mL, 25.3 mmol) and the reaction was stored for 20 
min The reaction mixture was added dropwise to ice water (-75 mL), extracted with ethyl 
acetate (2 x 100 mL), dried (Na 2 S0 4 ), filtered, and concentrated in vacuo to give ayellow 
foam (2 21 g). The mixture was purified by silica gel chromatography to give the title 
Z™* £23 g). mp 100-105 °C; K (CDCI3) 3590, 3470, 2930, 1745, ^ 
1450 cm-1.13C NMR (125 MHz) delta 9.3, 11-8, 14.3, 15.8, 16.3, 20.7, 21.0, 24.2, 24.4, 
27.6, 27.6,' 3 0.7, 31.2, 32.9, 32.9, 34.1, 34.7, 35.1, 39.1, 39.2, 41.8, 48.6, 55.7 56.3, 
56.3, 56.4, 56.9, 69.4, 73.6, 74.1, 743, 75.2, 75.3, 84.2, 96.9, 123,4, 128.0 131.5 
140.4, 165.6, 169.4, 196.6, 213.3; MS (FAB) ute M+H = 792, M+K = 830. Anal calc d. 
for C4 3 H 69 NOir0.6 hexane: C, 66.34; H, 9.25; N, 1.66. Found: C, 66.74; H, 8.88; N, 



1.67. 



Tp y Pn m p P .the.r= =NR3 &i_R2&= -NffC(Q)OCHv 

Ascomycin (5.0 g), methylhydrazinocarboxylate (1. 1 g), and P -toIuenesulf omc acid 
monohydrate (1.2 g) in methanol (100 mL) were stirred at ambient temperature for 16 hours 
and concentrated to dryness. The mixture was purified by chromatography on silica gel eluting 
withhexane/acetonemixtures to give pure title compound (3.6 g). An ^^f^ 
rcC ry S tallizedf^ 

3500, 3300, 2950, 1745, 1725, 1700, 1642, 1450 or I; «C NMR (125 MHz) delta 10.2, 
12.0, 14.7, 15.4, 15.7, 20.9. 21.2, 24.2, 26.9, 27.1, 28.0, 30.6, 31.1, 31.2, 32. , 
34 6 34 8 34.9, 38.9, 41.1, 49.0, 49.1, 52.5, 56.2, 56.6, 56.8, 73.1, 73.5, 73.8, 73.9, 
75V, 1*1 7IX 84.1, 97.6, 126.3,129.1, 132.6, 138.5. 155.7, 159.7, 165A 168.9, 
196.5; MS (FAB) m/z: M+H = 864, M+K = 902. Anal, calc'd. for G^NaOi^.O H 2 0: 
C, 60.05; H, 8.62; N, 4.67. Found: C, 60.17; H, 8.24; N, 4.55. 
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F.yample 152: Formula TTT: R= ethyl: R'= H: n= 1: R^R^R^J^R^i^HlR^^ndR^ 
talren together =NRM: RM= .NHCYCnOCKbCm 

Example 151 is repeated using ascomycin and substituting ethylhydrazinocarboxylate for 
methylhydrazinocarboxylate to provide the title compound. 

F.vamnle 1 53: Formy ^ TTT- P = .thvl- R'= H: n= 1: R^R^Rj^J^Raa^HLE^^afi 
taV^n together =NRM ; r3£= -NHCfOtoCfibCrtrR 

Example 151 is repeated using ascomycin and substituting benzylhydrazinocarboxylate for 
methylhydrazinocarboxylate to provide the title compound. 

Example 154: Formula T: R= etfivl: R'= H: n= 1: Rl= -OCH7aO)Ri2 (R config uration); 

Pl2-^MP^14^^15=^HfRl frTO 

Rlfil= CFh CR configuration). 

The product of Example 1 1 1 is activated as in Example 138, and then treated with D-alaninyl- 
D-damnyl-D-alanine instead of 2-hydroxyemylamine to provide the title compound. 

Example 155: Formula V: R= ftthvl: R'= H: n= 1: Rl and R * taken together form an, QXQ 
group: R 2= -CfCflCFr R31=r32=r34= H: R23= t.hntvlriime.thvlsilvloxv: R35 and R26jakgn 
together form an oxo group: Rff = BL 

The product of Example 14b (0.8 g, 1.0 mmol) in dry DMF (5 mL) is treated with imidazole 
(0.1 g) and tert-butyldimethylsilyl chloride (0.18 g) until starting material is consumed. The 
mixture is then partitioned between water (20 mL) and EtOAc (20 mL). Organic layer is 
washed with brine (20 mL). Aqueous layers are extracted with EtOAc (2x10 mL), organics 
are combined, dried (MgSCU), and concentrated to dryness. This residue is dissolved in THF 
(4 mL) and is added dropwise to a solution of lithium hexamethyldisilazide (2.2 mmol) in THF 
(5 mL) at -78 °C and the mixture is stirred for 30 minutes, whereupon 2,2,2-trifluoroethyl 
trifluoroacetate (0.17 mL, 1.3 mmol) was rapidly added in one portion. After 5 minutes the 
reaction mixture is partitioned between 5% aqueous HC1 (15 mL) and Et20 (15 mL). The 
aqueous portion is extracted once more with Et20 and the organics are then washed with brine 
(2 x 10 mL), dried (Na2S04), decanted from solids and concentrated to yield the tide 
compound, which is used immediately in the following reaction. See Danheiser, R.L.; Miller, 
R. F.; Brisbois, R. G.; Park S. Z. J. Org. Chenu 1990, 55, 1959-1964. 



WO 93/04680 



-92- 



PCT/US92/07600 



(Seereference cited in Example 155.). Hie product isolated in Example 155 is dissolved m 
acetonitrile (4mL) to whichis added water (I8uL), triethylamine (0.21 mL, 1.5 mmo ) and 
methanesulfonylazide (0.28 mL, 3.0 mmol). After stirring at ambient "V^J***™ 
the mixture is concentrated to dryness. The residue is pardoned between EtOAc (20 mL) and 
water (20mL). The aqueous ^a^^^^V^^te^** 
washed with brine (2 x 10 mL), dried (Na 2 S0 4 ) and concentrated to dryness. The residue is 
purified by chromatography on silica gel to provide the title compound. 

^. R ' =H; n = 1: R2 1- p tn gf ft- y- ft »"hnn atoms to which frry flffi attached. 

UUJU: iX^-unlT Tff mr m m iT— n— 1- rtr r r - 9 * and ^ P0S * OTS 3 : 

^ 7 nf the i^yaznlering. 

Asolution of the product of Example 12(1 g), hydroxylamine hydrochlonde (0.1g)andN- 
methylmorpholine (0. 14 g) in isopropanol was stirred at room temperature overnight, and *en 
refluxed for 6 hours. The solvent was removed and the products were purified by ahca gel 
chromatography dutmgw^^ 
M+K = 825. 

n-o ^ r.m h.co T Tr r™ rif ™ r and T nf th " i**"™*^ svstetn; ^=s^ 

r^oSSct (0, g), 1,2,,5-tetraaminoben.ene tcahydrochloride (09 g) and N- 
methylmorpholine (1.4mL) in absolute ethanol (11 mL) was refluxed overnight The solvent 
was removed, and the intermediate product, was purified by silica gel chromatography. MS 
(FAB) mfr M+K = 932. The intermediate product (0.18 g) and glyoxal (40% in water, 0.06 
g) inabsoluteethanol (5 mL) was heated at 50 °Cfbr 5 hours. After removal of solvent tta 
pLductwaspurifiedbysmcagelchromatographyelu^ 
ehloride. Yield: 0.075 g; MS (FAB) m/z: M+NH4 = 933. 
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Examples 159a. 15QH and 159c: E nrmnla V: R=allv1: R'=H: n= 1; R2=&3L=&32=&2L= 

pnH r 4 taVen together for m an oxo group: R3 2 and R3 4 fpkm tPPPthftT for"! an o^o 
group: R3£ and R2 6 ft^ r" together form an nxo group: Formula I: R= allyl; R'= H; n= 1; R 2 ^ 
R2 ! = H: R2 and R4 t P^ T" tocher "for m an nxo group: and Formula TTI; R= allyl; R - H; n= 1; 
Rl l= H: R32= H: R22 and R24 taken togeth er fnrm oxo group: anAEff taken together 
form an oxo group. 

FK-506 (2 g) was oxidized according to the procedure described in Example 48. The products 
were purified by silica gel chromatography eluting with 5% acetone in hexanes. Yield: Example 
159a, 0.3 g; MS (FAB) m/z: M+K = 838; Example 159b, 0.9 g; MS (FAB) m/z: M+K = 840; 
Example 159c, 0.1 g; MS (FAB) m/z: M+H = 840. 

Example 160: Fcy m.il.. TV- R= ethvl: R'=H: n= 1; R2^R21 ^RZ^jj^a^Q^^iaksn 
together form «t | oxo ?T""P : one nf R 2 1 and R 2 2 is H and the other is OH; R^^L-QIL 
The title compound was prepared from the product of Example 48 according to the procedure 
described in Example 46. MS (FAB) m/z: M+H = 792, M+K = 830. 

Example 1 61 : Formula VTT: R= ethvl: R'=H: n= 1:R2 = H: R^and-E ft taken tpggthCT form an 
nxo group: one of R2 1 and R22 is T4 and the other is OH: R23= OH: E. 2 ^HlR^-HlR 32 Eiil 
R3 3andR3 4 taken together form an oxo group: R3 5 and R3 6 taken to gether form an qxq group; 

The title compound was prepared from the product of Example 14a according to the procedure 
described in Example 46. MS (FAB) m/z: M+K = 828. 

Example 169: Formula TIT: R= et h vl: R'=H: n= 1: R3 1 = benzyl; taken tOFfltMT with the carbon 
atoms to which thev are attached. R3 2. R^^jSjfljB ^ form a pyraqpte riPS- 
The title compound is prepared from the product of Example 16 and hydrazine according to the 
procedure of Example 52. 

Example 170: Formula TTT: R= e t hvl: R'=H: n= 1: R2 1 = H; taken tPPPthpr with the ga^pn 
atoms to which thev are attached. R3 2. R22j&M^a jm d_R2 6 form fl N-WthylpyTasole ring, 
A solution of the product of Example 12 (0.5 g) and methylhydrazine (0.044 g) in absolute 
ethanol (10 mL) was refluxed under nitrogen for 4 hours. Solvent was removed in vacuo, and 
product (0.3 g) was purified by silica gel chromatography eluting with 2% methanol in 
dichloromethane. MS. (EAB) m/z: M+H = 800. 
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171 • Fnrmul, m ■ »- ^ R' = H: n= 1 : R3- H* t^n tofT^r with the gfow 

A solution of Example 12, ethylhydrazine oxalate (0. 144 g) and N-methylmorpholine (0. 128 
g) in absolute ethanol (10 mL) was refluxed under nitrogen. Solvent was removed m vacuo, 
and product (0.325 g) was purified by silica gel chromatography eluting with 2% methanol in 
dichloromethane. MS (FAB) m/z: M+H = 814. 

n^ m p 1. 1 77- Fnrmul n ™- »- ^ ^ "= * * 1**™ top^f with the C^bon 
^ t- m attached. R^^M^^ndR^ form „ N^-hydrpxvethyl)- 

ATolutionofthe product of Example 12 (0.5 g) and hydroxyethylhydrazine (0.0723 g) in 
absolute ethanol (10 mL) was refluxed under nitrogen. Solvent was removed in vacuo, and 
product (0.229 g) was purified by silica gel chromatography eluting with 3% methanol in 
dichloromethane. MS (FAB) m/z: M+H = 830. 

P VT F 1. 1 7* Fnrmul r ™ °- "= * fl,1m, toother with the BrtW 

A solution of the product of Example 12 (0.5 g) and phenylhydrazine (0.103 g) in absolute 
ethanol (10 mL) was refluxed under nitrogen. Solvent was removed in vacuo, and product 
(0.31 g) was purified by silica gel chromatography eluting with 3% methanol in 
dichloromethane. MS (FAB) m/z: M+H = 862. 

^■hftnzvlpvr azole rine, 

A solution of the product of Example 12 (0.5 g), benzylhydrazine hydrochloride (0.23 g) and 
N-methylmorpholine (0.14 g) in absolute ethanol (10 mL) was refluxed under nitrogen for 4 
hours Solvent was removed invacuo, and product (0.28 g) was purified by silica gel 
chromatography eluting with 3% methanol in dichloromethane. MS (FAB) m/z: M+H = 876. 

ffln ^ m- Phnmil n ™ p-^R'=H: n= 1: R3 J -H' l*rn topper with the carbon 
tf y , ^K ^ . m attached. m j&J&JL*M< ^^ » K^WtM»vD- 

A^onofthe product of Example 12 (0.5 g), 2-phenylethylhydrazine sulfate (0.234 g) and 
N-methylmorpholine (0.14 g) in absolute ethanol (10 mL) was refluxed under nitrogen for 4 
hours Solventwasremovedmvac™, and product was purified by sUica gel chromatography 
eluting with 3% methanol in dichloromethane. Yield: 0.28 g, MS (FAB) m/z: M+H = 890. 
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Example 176: Formula TTT: R= e t hvl- R'=H: n= 1: R21= H; taken tOCTstlHT With the Carbon 
ptnms to which thev are attached. R3 2. R32j&M^juid&3fi form a N-^etylpVKKQle ring- 
The title compound is prepared from the product of Example 12 and acetyl hydrazine according 
to the procedure of Example 52. 

F.vam ple 178: Fonnnla VTT: R=et h vV R'=H: n= 1: Rl= triethvlsilvlQXV taken together with 
the carhon atom, to which thev are attached. R2 6, RZkB&jg&BP . form a quinoxaline with 
r.-9 and C-10 hemming positi ons V and 3' of the heterocyclic system; R21=iilR22=Hljg2% 
triethvkilvloxv: R2 4= H: R^_and^ ^ ^ tOfffttflpr form an pxo groups R6 %IHIE 
configuration): R"6S= H. 

A solution of the bis-triethylsilylated compound derived in a fashion similar to that of Example 
54 (1.0 g) and o-phenylenediamine (0.32 g) in absolute ethanol (7 mL) was refluxed for 4 
hours. Solvent was removed in vacuo and product (1.0 g) was purified by silica gel 
chromatography eluting with 15% acetone in hexanes. MS (FAB) m/z: M+K = 1130. 

Fvamnle 1 79: Formula TV: R= et h vl : R'=H: n= 1 : R2 = H:R2_and_R 4 fffkpn, tether form an 
oxo group: taken together with the, carbon atoms to which thev are attached. tf&iBP^J&d 
R29, form a nninmraline with C-9 and C-10 be c oming positions 2' and 3' of the heterocyclic 
system: RfiQ and R& taken together form an nxo group: RZ = H. 
To a solution of oxalyl chloride (0.0465 g) in dry methylene chloride (2 mL) at -70 °C was 
added dimethylsulfoxide (0.043 g). After stirring at -70 °C for 0.5 hours, a solution of the 
product of Example 178 (0.2 g) in methylene chloride (2 mL) was added, and the mixture was 
stirred for an additional 1.5 hours. Triethylamine (0.15 g) was added, and the cooling bath was 
removed. After stirring at room temperature for 0.5 hours, the reaction was partitioned between 
ether (30 mL) and water (10 mL), the organic phase was washed with 1 N HC1 (3 X 3 mL), 
dried over magnesium sulfate and solvent removed in vacuo.. The crude intermediate was 
deprotected according to the procedure described in Example 167 to give the product: 0.15 g; 
MS (FAB) m/z: M+NH4 = 877. 

Example 180: Formula VTT: R= eth vl: R'=H: n= 1: Ri= t-hlltv1di™ethv)snvloxy (R 
rnnfigiirationV taken togethe r with the carbon atoms to whfrh they are attached, RffijffUffi 
PTM i P2 9.fnrm a nninoxaline wi th T-9 and C-10 becoming positions 2' and 3' of the 
heterocyclic system: Rfl = HLR32=iL&32= (-ontyldimftthYlsiMPXy; R2%J3^_&ME^ 
taken together form an oxo group: RfiO= OH (R configuration); R^=JL 
A solution of the product of Example 54 (2.0 g) and o-phenylenediarnine (0.628 g) in absolute 
ethanol (15 mL) was refluxed for 6 hours. Solvent was removed in vacuo and product (1.8 g) 
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was purified by silica gel chromatography eluting with 15% acetone in hexanes. MS (FAB) 
m/z: M+K = 1130. 

^ ^ ^ m whH, thev are attach ^21^^^^^^ 
r-o ,nH r-m h m rnr r™ ri ™« *' an * v nf ttlP ^cyclic system; R^iiLR^iL 

»*U ^mrfnfel vloxv: RM = EU&a&flmL ^ nV-n t"frflnT form an QXQ mm 
and R& t»Vym tngrther form an QXQ group- 

The title compound was prepared from the product of Example 1 80 using the procedure 
described in Example 179. MS (FAB) mto M+H = 1090; M+K = 1 128. 

p ^te Uttr Fmm -l n »• P^tHvl- R'=H- n= V taken together with the carbon a«B» 1 

^ «m attached. Rg L*fttf*JgiB ft f omi ft flHhioxtfnr with c-9 an4 C-iQ 

w^,-n r potions 2" n 1 «» - f T V *-~™**r. ^m: Bg- OAr confi^t^); R"%iL 
To a stirred solution of the product of Example 180 (0.5 g) in dry pyridine (8 mL) containing 
catalytic amount of dimemylaminopyridine (15 mg) was added acetic anhydride (1.1 mL). 
After stirring atroom temperature for 40 mir,, the reaction mixture was partitioned between 
ether and water. The organic phase was washed with 0.5 N HC1 and brine and dried over 
magnesium sulfate. Solvent was removed in vacua to give the acetate as a white foam (0.5 1 g). 
40% Aqueous HF (0.087 mL) in acetonitrile was added over 1 mirr to a stirred solution of this 
foam (0.51 g) in acetonitrile (8 mL). The reaction mixture was diluted with water after 0.5 
hours at room temperature and extracted with ether. The organic phase was washed once with 
saturated sodium bicarbonate, dried over magnesium sulfate and solvent removed in vacuo. 
Theproductwas purified by siHca gel chromatography elutmgwim 20% acetone in methylene 
chloride. Yield: 0.33 g; MS (FAB) w/z M+H = 906, M+K = 944. 

p^ ^pl. 91 1: FnmH ? ^- P=**v1: R'=H- n- V taken tP^er wjft tbecarhpn MBMtt 
r wi, r w ,r, cached. Rg CUgRtf&Mdtfg frnP fl Wtom^ wifll ™ and Q-\Q 
y„ njrinr p^on. T rr» - Y^rKr. system: Rfl- W trim, tmrftg wft 
fiv t .„n ^ m wht c K »r, attached. Rfl jajajQliB P form ft pyrazole; Kfe flH 

A solution of the product of Example 52 (0.785 g) and o-phenylenediamine (0.2 g) m absolute 
emanol is refluxedunder nitrogen overnight. Afterremovalof solvent, the product is purified 
by silica gel chromatography. 

^ frnr ■»». attached. RK JBKjftjDiB P form „ qinn^Pr with . C-9 and C- I Q 
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hemming positions 2' and 3' o f the heterocyclic system; R^H^^=ijJ^32_ an d_EMj a ^ £a 
together is nitrogen. R3 5 and R3 fi taken together is nitrogen, the two nitrogens are bridged by a 
phenyl ring to form a benzodiaz epine ring: R^Q= OH (F Configuration); R6%ii 
A solution of the product of Example 12 (0.8 g) and o-phenylendiamine (0.4 g) in absolute 
ethanol (10 mL) is refluxed under nitrogen overnight After removal of solvent, the product is 
purified by silica gel chromatography. 

F.yamnles 213a and 21 3h: Formu la TTT- R= ethvl: R'=H: n= 1; R21^HlR26= Q such that 
w h P .n taken together with R3 2. R^J^^BA and the carbon atoms to which ftpy attached 
form a furan with a carboeth oyv attached at the alpha position; and Formula HI; R= ethyl; 
R'=H: n= 1: RlL=H: R& - n ft" tngether with R32. R^^K2fijiDdJhe. 
carbon atoms to which thev at tached form a fiiran with a carhoethoxv attached at alpha 
position. 

The title compounds are prepared from the product of Example 12, ethyl diazoacetate and 
rhodium acetate according to the methods described in the literature (Paulissen, R., et al, 
Tetrahedron Lett., 1974, 607). 

Examples 214a and 7-Uh: Form u la TTT: R= ethvl: R'=H; n= 1; RS l_and_R2 2 taken together 
form a bond: taken together w i th the carhon atoms to which thev are attached, R3 %&jnjjB22 
form a furan substituted with hvdroxvmethv l group at the alnha position: R^_and_R^Jaken 
together form an »™ frr""P- «"d Formula TTT: R= ethvl: R'=H: n= 1; R^and^jfe 
together form a bond- taken toge t her with the carbon atoms to which thev are attached, Rff =& 
and whentaken together with R3 2 forms a furan substituted with hydimyrnethyl gfOPP at the 
alpha position: and R3 4 taken together form an oxo group. 

The title compounds are prepared from the product of Example 12 and epoxyacrolein according 
to the methods described in the literature (Williams, P.H., et al, J. Am. Chem. Soc. 1960, 82, 
4883). 

Rvample 21 * Fhmff jf TTT- », ethyl: M= n= 1: &U= H: R^ ^^m^ito 
together form a bond. R3 5 and R3 fi taken together = N. such that taken together with the carbon 
atoms to which thev attached R21. R32 R21,£M^R26 f or m a pyrirnidine with ft phenyl 
group attac hed at a position 2'. 

A solution of the product of Example 12 (0.8 g), benzamidine hydrochloride (0.4 g) and N- 
methylmorpholine (0.5 g) in isopropanol (10 mL) is refluxed for 2 hours. After removal of 
solvent, the product is partitioned between ethyl acetate and water. The organic phase is 
washed once with brine, dried over magnesium sulfate and the solvent is removed in vacuo. 
The product is purified by silica gel chromatography. 
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P 32^ p.nitrnph ft nvl: Rtf juuIE ff t pTr gi TPtnfrTfrffll HH OX" STOW 
He title compoundispreparedftom the product of Example 12 and l-fluoro-2-nitrobenzene 
according to the procedure described in Example 16. 

™, -H 9T7h: IW TTT- R- efhvl- »H* "= 1; ^^"f^ 
^ , hnnd- ftan tmr f- ™* th. ™-hnn atom* to which ftnr ™ attached, R%M 

E 22 f<™ fln indole: ti » ^ i»3fi rn i r p r, r m tr r r f »rr ™ "™ "™"- ™ rt Form " 1ft m; R " ett)Y ^ 

£LJLjl __ L pTl ^035 ^ tn r the.r fo rm- * bond- taken wgflhr r with the C*rh pr» ««W » 
attached. R3 ^MLM±E3 Zform tm Wote pg jpAJB ^t H l^ tether form 

$xn group. 

The product of Example 216 and a catalytic amount of 5% Pd/C in ethanol is stirred under 1 
atm of hydrogen. The reaction is f oUowed by TLC analysis. The catalyst is then filtered off, 
solvent removed and product purified by silica gel chromatography. 

,t- ,„„ ,, Sh: Fnrmnh TTT- R- rthvf R'=TT. n- H ^^^^f^^ 

iMid^lfiUIJI^allllilt^ THlrr n r r^-T ^ tW*rhnn atoms to which they fllffgtatfopn 

p ^rT yvano gf ^p ?t position 3'. 

The title compounds are prepared from the product of Example 12 according to the methods 
described in the literature (Troschutz, R.; Troschutz, J.; Sollhuberkretzer, M. Arch. Pharm. 
1985, 777-781). 

P2 - - p. a nH iWnla T - »- f P«f: n= 1: R2 ^^^%jn^yO.^ 
Methylmagnesium chloride (0.3 mL, 3 M in THF) is added into a stirred solution of the 
product of Examples (0.8 g) in dry THF (100 mL) at -70 °C. After stirring at -70 C for 8 
hours, the reaction rnixture is partitioned between ether and 1 NHCL The organic phase is 
washed once with brine and solvent removed. The products are purified by silica gel 
chromatography. 
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Exam ple 220: Formula T: R= e t hvl- R'=H: n= 1: R* and R 2 taken tppeth,er form a bond; R% 

methyl; fedi 

A solution containing the products of Examples 219a and 219b and silica gel in methylene 
chloride is stared at room temperature overnight. The silica gel is filtered off, solvent removed 
and product purified by silica gel chromatography. 

R Yam p 1 ft 9.91 ; Formal, TTT" R = ethvl; R' = H; n = U pL^j^-JLBPjsJBtaBXl 
P3S JT , H P36 ftton tngrthe.r form * hvdraznne. =NR3 & wheKLR2 £ = -NHSfO)?R^ Dl£^.= 

4-methvlphenvl. 

Ascomycin (1.00 g, 1.26 mmol) was dissolved in ethanol (125 mL) and treated at room 
temperature overnight with p-toluenesulfonyl hydrazide (235 mg, 1.26 mmol) andp- 
toluenesulfonic acid monohydrate (240 mg, 1.26 mmol). The solvent was removed under 
reduced pressure, and the crude material was purified by flash chromatography on silica gel 
eluting with 40% acetone in hexane. The title compound was obtained as a colorless solid (431 
mg): mp 193-194 °C; JR. (CDC1 3 ) cnr* 3500, 2940, 1745, 1720, 1650, 1455, 1170, 1090; lH 
NMR (CDCI3, 500 MHz) delta (selected peaks) 9.21 & 9.18 (br s, 1 H total), 7.83 (m, 2H), 
7.30 On, 2 H), 3.44 (s, 3 H), 3.36 (s, 3 H), 3.27 (s, 3 H); MS (FAB) m/e: M+K = 999. 

Exam ple. 222: Formula TV; R = eth vl; R' = H: n = 1: Rl = -NRlZQQIR M configuration) 
where Ri2 = H and R l & = phenyl: R2 fi. R22 and the, carbon to which thev are attached are 
absent: one of R2 8 and R2 2 \* HvHrnYv and the other is -COOH; C-8 is directly attached tQ C- 
10: R6 Q = hydroxy (R configuration): R^=IL 

The product of Example 5 (538 mg, 0.600 mmol) is dissolved in THF-FfeO (15 mL, 5:1) and 
treated at 0 'C with lithium hydroxide monohydrate (26 mg,0.618 mmol) for 2 hours. The 
reaction is permitted to warm to ambient temperature and monitored by TLC (40% acetone in 
hexane) until complete. The reaction mixture is then quenched with 1 NHC1 (625 uL). This is 
diluted with additional water, and extracted with CH 2 C1 2 . The combined organic washes are 
dried and freed of solvent to yield the title compound. 

Example 223: Formula TV: R = eth v l: R' = H: n = 1: Rl = -NR-^CiQlR 1 ^ (ff configuration) 
where Ri 2 = H and Rl & = phenyl: R2 1. R2 2 and the carbon to which thev are, attached are 
ahse.nt: C-8 is di rect 1 " "tturhud to C-10: R22 = hvdroxv;.R* bilL 

The material obtained in Example 222 (490 mg,0.576 mmol) is dissolved in benzene to which 
lead tetraacetate (258 mg, 0.582 mmol) is added. After 2 hours, the mixture is quenched with 
NaHC03(aq) and extracted with CH2CI2. The combined organic washes are washed with 
water, dried over magnesium sulfate, and concentrated in vacuo. The crude material is purified 
by flash chromatography with acetone-hexane as eluent. 
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f ^ „ ,*Uv PhnnnTi TTT* P - ethyl' F' - H; B ■ 1; ^^J^pi^ 

The product of example 36 (861 mg, 1.11 mmol) was dissolved in methanol (75 mL) to which 
was added CeCls'? H 2 0 (456 mg, 1.22 mmol). The resultant mixture was chilled to 0 C, and 
sodiumborohydride(46mg, L22 mmol) was added portionwise. After 1 hour, the react™ 
was quenched by pouring the reaction mixture into 75 mL of water. This mixture was extracted 
with ether (2 x 50 mL). The combined organic extracts were dried over magnesium sulfate and 
fi^dofsolventTheisomericaEyUcalcoholswerepurifiedandseparat^ 
chromatography using 25% acetone in hexane as eluent Those fractions containing pure higher 
and lower Rf alcohols respectively were combined to furnish the less polar allylic alcohol (0.12 
g) and the more polar allylic alcohol (0.23 g). 

Example 224a: 1H NMR (CDCI3, 500 MHz) delta (selected peaks) 5.65 (ddd, J - 8.75, 16 
67.5 Hz, 1 H), 3.43 (s, 3 H), 3.38 (s, 3 H), 3.32 (s, 3 H), 1.67 (s, 3 H), 1.63 (s, 3H), 1.06 
fd 7 = 75 Hz, 3 H), 0.84 (t, / = 7.5 Hz, 3 H). 

Example 224b: IR (CDCI3) a** 3440, 2930, 1740, 1650, 1450, 1090; % NMR XCDCI3, 500 
MHz) delta (selected peaks) 5.45 (ddd, / = 6.5, 17.5, 42.5 Hz, 1 H), 1.66 (s, 3 HX L64 (s, 3 
H), 1.04 (d. J = 7.5 Hz, 3 H), 0.99 (d, / = 7.5 Hz, 3 H), 0.87 (d, J = 7.5 Hz, 3 H), 0.83 (t, 
/= 7.5 Hz, 3 H); MS (FAB) m/e: M+K = 814. 

R 24= H: R3Sand R3 6 *flfrffr fflffffr" ,fann an 0X0 g^ 0 ' 

The title compound is prepared according to the procedures described in the published 
European patent application of SandOz,No.0402931 Al, Example 1. 

W *«™«» w- p-^ ethvV F'-FT; n= 1; F> r-bmidimr tUvlsilYloxv ffl 

R2 4=H: R^ SgniLE 26 TT^fff T^^ thf,irform an 0X0 t^ 000 - 

The title compound is prepared according to the procedures described in the published 
European patent application of Sandoz, No.0402931 Al, Example 2. 

^ ^^.pn^ iirr niniir-TT-p ^i-thml*^"™™" 

SQ^aioj^ 

r22= r M= H: R35. and Ra ft taVen tnpe.thr a " "™ g»>uP- 
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A solution of triphenylphosphine (0.131 g) and diethyl azodicarboxylate (0.09 g) in diy 
tetrahydrofuran (THF, 2 mL) is added to a stiired solution of the product of Example 225 
(0.45 g) in THF (10 mL) followed by a solution of diphenylphosphorylazide (0.14 g in i mL 
of THF). The reaction mixture is stirred at 45 °C and the progress is monitored by TLC 
analysis. The reaction is quenched with water and extracted with ethyl acetate. Solvent is 
removed and the product is purified by silica gel chromatography. 

Example 228: Formula VTT: R= ethvl: R'=H: n= 1: Rl= t-hntvlriimethylsilYlQxy (R. 
configuration* R2 1= Ht R22- ^pifrofrenTenesiilfonate: R22= QH: R24=Hi^3%^. 
hiitvlmmethvlsilvloxv: R2 1= Ra^RM^HLB^jflg^fi fafren together form L an QXQ group, 
o-Nitrobenzenesulfonyl chloride (0. 1 15 g) in dry methylene chloride (1 mL) is added into a 
stirred solution of the product of Example 225 (0.5 g) and triethylamine (0. 1 g) in methylene 
chloride (5 mL) at room temperature. After stirring at room temperature overnight the solvent is 
removed and the product purified by silica gel chromatography. 

Example 229: Formula VTI: R= e thvl: R'=H: n= 1: Rl= t-mitvldimethvlsilyloxy {R 
configuration* R2 1= Nr. R^BiR^QOlR^Bl^ ^utyldiniethYlsilvlQxy; R% 
R32= Rte= H: R2 S and R36 taken together form an oxo group. 

Sodium azide (0.1 g) is added into a stirred solution of the product of Example 228 (0.12 g) in 
dry DMF (1 mL) at room temperature and heated at 60 °C for 5 hours. The reaction mixture is 
partitioned between ether and water. The organic phase is washed once with brine, dried over 
magnesium sulfate and the solvent is removed. The product is purified by silica gel 
chromatography. 

Example 230: Formula VTT: P = ethvl: R'=H: n= 1: Ri= t-huWldimethvlsilYfoxy <R 

configuration^ r2 1= H; r22= NuE^QHiR 24 ^!!^^ t-hntyidimethvlsiiyloxy; R^g 

R32= R24= H: R& and R36 taken togethe r form an nxo group. 

The title compound may be prepared according to the procedures described in Examples 227 or 
229, but replacing the product of Example 225 with that of Example 226. 

Exam ple 231 : Formula TT- R= ethyl: R'=H: n= 1 : R22= H: R21=Jj^22=QH L S2% iL 

40% Aqueous HF (0. 1 mL) in acetonitrile (5 mL) is added into a stirred solution of the product 
of Example 227 (0.4 g) in acetonitrile (8 mL) at room temperature. The reaction mixture is 
diluted with water after stirring 2 hours at room temperature and extracted with ether. The 
organic phase is washed once with brine, dried over magnesium sulfate, and the solvent is 
removed. The product is purified by silica gel chromatography. 
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The title compoundmay beprepared according to the procedure described in Example 231, but 
replacing the F oduct of Example 227 with that of Example 230. 

A solution of the product of Example 23 1 (0.25 g) and triphenylphosphine (0.09 g) in wet 
toluene (10 mL) is stirred at 70 °C for 8 hours. The solvent is removed and the product is 
purified by preparative TLC on silica; 

Thetitte compoundmay beprepared according to the procedure described in Example 233, but 
replacing the product of Example 231 with that of Example 232. 

r i - 

Acstic anhydride (0.15 g in 1 mL of dry methylene chloric is added mto a stirred soluti^ of 
theproductof Example 233 (0.4 g) c^ntainmgtriethylamine (0.15 g) in methylene chlonde, (5 
,nL)andmerrdxtureisstirredatroomternpera^ 

partitioned between ether and 1 N HC1. The organic phase is washed once with bnne, dried 
over magnesium sulfate and solvent removed. The product is purified by silica gel 

chromatography. 

irniwir ^ - - h R21sH ^ g ^ 23 f H ^^:„ 

The tMecorrsouod^y beprepared according to the procedure c^bed in Example 235, but 
replacing the product of Example 233 with that of Example 234. 

r rf- »— * n - p--thvl- f n - 1; tf hILiP- m^mmm^b 

r23— qh: R^^— EL 

The title compound may be prepared according to the procedure described in Example 235 by 
replacing acetic anhydride with 1-adamantane carbonyl chloride. 

F w u o, g . ^ rr- ethW F'=ff ; p» l; Efe iLRa- ^H^.m^r^ 

T?22= OH: R24=JEL , 

The tide compound may be prepared according to the procedure described in Example 236 by 

replacing acetic anhydride with 1-adamantane carbonyl chloride. 
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Examplfi 239: For ^ylp TT- P= «thv1- R'=H: n= 1: R2 2= H: R21 = henzovlamido; R^E-QHl 

The title compound may be prepared according to the procedure described in Example 235 by 
replacing acetic anhydride with benzoyl chloride. 

Sample 240: Fo r mula TT; R= ethvl: R'=H: n= 1; R2 1=H^2 2= henzQvlarnidQ; R2 %£Hl 
R24= H. 

The tide compound may be prepared according to the procedure described in Example 236 by 
replacing acetic anhydride with benzoyl chloride. 

Example 241: Formula IT: R= e thvl: R'=H: n= 1: R22= H: R21= N-benz\1aminQ; R^QHi 

Benzyl bromide (0. 1 g) is added into a stirred solution of the product of Example 233 (0.4 g) 
in acetonitrile (5 mL) at 0 °C. After being stored at 0 °C overnight, the reaction mixture is 
refluxed for an additional hour. The product is purified by silica gel chromatography. 

Example 242: Formula TT: R= ethyl: R'=H: n= 1: R2 1= H: R2 2= N-beP^larnin p; R22=QH; 

R2%H 

The title compound may be prepared from benzyl bromide according to the procedure described 
in Example 241, but replacing the product of Example 233 with that of Example 234. 

Example 243: Formula TT: R = ethvl: R'=H: n= 1: R2 1 = N-rr4\5'-biscarboethoXV)-triwolel; 
r2 2 = H:R21=OH;R2 4=IL 

A mixture of the product of Example 23 1 (0.4 g) and diethylacetylene dicarboxylate (1 mL) is 
stirred at room temperature overnight The triazole is purified by silica gel chromatography. 

Example 244: Formula TT: R= et hvl: R'=H: n= 1: R21= H: R22= N-r(4\5'-dicarboethQXyV 
triazole1:R23=OH:R2 4=H. 

The tide compound may be prepared according to the procedure described in Example 243, but 
replacing the product of Example 23 1 with the that of Example 232. 

Example 245: Formula TT: R= ethvl: R'=H: n= 1: R2L= N-r(7',5'-dimcthvlVPVm >te1; R 22 ^ 
R2 3=QH:R2 4=H. 

A solution of acetonylacetone (0.5 g) and the product of Example 233 (0.5 g) in absolute 
ethanol (5 mL) is refluxed for 6 hours. After removal of solvent, the product is purified by 
silica gel chromatography. 
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r22= OH: R24=JL 

Thetidecompoundmaybeprepaiedfroma^^ 
deS c*bedmExample245^^ 

I^?_X^__LLJI''' ; jmiLP' >6 t"r thRr form an 0X0 CTm 

Potassium iodide (0.1 g) is added into a stirred solution of the product of Example 228 (0.13 
amd^DMFan^atroomtem^^ 

mixtuieis partitioned between ether and water The organic phase is washed once with brine, 
dried over magnesium sulfate and solvent removed. The product is purified by silica gel 
chromatography. 

r -ffl- ^r-*"^-'-"^-^^ „ 

1 l Kp rodactbfE m mpte247mayted e pnW^aoco*gtotl K pn M <toof Example 231 to 

give the title compound. 

r _, r ,. ^..„ „■ p- f HW F'=H; n=l; ■ a ^^ MaJ ^ 1 ^g: 

Ttetiflecompoundmaybeprepanrface^ 

248, butreplactag the product of Example 225 with that of Example 226. 

r 1 "1 rn^"----'^"'-^^^^^;,, 

lepladng potassium iodide with potassium bromide. 

potassium iodide with potassium bromide. 

R21= R3 2= r34= H: R.35. and R3 6 ffl lT" tk r fir V™ an "*° g^PP- 
Sodium tbiomethoxide (0.1 g) is added into a stirred solution of the product of Example 228 
(0 12 g) in dry DMF (1 mL) at room temperature for 5 hours. The reaction mixture is 
parfuonedbetweenether and water. Tne organic phase is washed once with brine, dried over 
magnesium sulfate and solvent removed. Tne product is purified by silica gel chromatography. 
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Example 253: Formula TT- R= ethvl : R'=H: n= 1: R22= H: R^= thiometilvxy; K^QElR 2 ^ 
H. 

The product of Example 252 is deprotected according to the procedure of Example 231 to give 
the title compound. 

Pimple 254: Formula TT: R= ethv l: R'=H: n= 1: R2L= H: R22= thiomethoxv; R23=£HlS.% 
Ex 

The title compound may be prepared according to the procedure of Examples 228, 252 and 
253, but replacing the product of Example 225 with that of Example 226. 

Example 255: Formula VTT: R= et h vl: R'= H: n= 1: Rl= tert-butvldimethvlsilvlQXV (R 
Configuration* R2 1 and R22 ta^n to gether form an oxo group; R2 3jukLR2 4. frken together 
form a bond: R2 1= H: r22= H: RS I* te.it-hutvldim ethvlsilvloxv: R34= Hi&^Jffld^&Jajcen 
tnpftthftrform an oxo group. 

The product of Example 54 (407.8 mg, 0.4 mmol) was dissolved in 4 mL of pyridine at 0 °C, 
and thionyl chloride (46.8 uL, 0.6 mmol) was added. It was then stirred at 0 °C for 15 min and 
at room temperature for 72 hours. Ethyl acetate (40 mL) was added to the reaction mixture, and 
the organic layer was washed with brine, 10%-KHSO4, brine and then dried over anhydrous 
magnesium sulfate. Evaporation of the solvent gave 364 mg of crude product which was 
purified by silica gel (50 g) column chromatography, eluting 2.5%-ethyl acetate in chloroform. 
Yield: 168.7 mg of pure title compound was isolated. MS (FAB) m/z: M+K = 1040. 

Rxamnle 256: Formula TT: R= ethv l: R'= H: n= 1: R21 and R% taVffll ?0PPther form an, qx,q 
group: R22 and R2 A tpVff-p tpffftthftr form a bond. 

The product of Example 255 (120 mg, 0.12 mmol) was dissolved in 2.5 mL of acetonitrile and 
48% hydrofluoric acid (100 uL) was added. It was then stirred at room temperature for 1 hour. 
Ethyl acetate (30 mL) was added to the reaction mixture, and the organic layer was washed 
with brine, 10%-NaHCO3, brine and then dried over anhydrous magnesium sulfate. 
Evaporation of the solvent gave 98.2 mg of crude product which was purified by silica gel (25 
g) column chromatography, eluting with 1.5%-methanol in chloroform. 63.4 mg of pure tide 
compound was isolated. MS (FAB) m/z: M+K = 812. 

Sample 257: Formula T: R= ethvl: R'= H: n= 1: Rl= (CfHsOhP(Q)Q (R Configuration). 
Ascomycin (500 mg, 0.632 mmol) was dissolved in 6 mL of benzene in an ice bath, and 
trieraylainine (264 uL, 1.9 mmol) followed by diphenylchlorophosphate (393 uL, 1.9 mmol) 
in benzene (5 mL) was added dropwise. After 4-Dimemylaniinopyridine (DMAP) (100 mg, 
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082mmol)wasadded,itwasthenstirredatroomtemperatureforlhour. 10%-Sodium 
bisulfate (5 mL) was added to the cooled reaction mixture. After additional benzene (20 mL) 
was added, the organic layer separated was with 10%-NaHCO 3 (40 mLx 3),brine (x5) and 
then dried over anhydrous magnesium sulfate. Evaporation of the solvent gave 860 mg of 
crude product which was purified by flash silica gel (120 g) column chromatography, elutmg 
with 25%-acetone in hexane. 656 mg of pure tide compound was isolated . MS (FAB ) mft 
M+K=1294. 

p~n. pl. Fnnnm r ™ »- r** *'= H= n= 1: W andE? wV n , tocher form , an pxp 
group: R2 3=CfFfPhO: 

The title compound is prepared from the product of Example 19 (85 mg, 0.1 mmol), silver 
trifluoromethanesnlfonate (28.3 mg, 0.11 mmol) and disodium hydrogen phosphate (14.2 mg, 
0 1 mmol) in 1 mL of benzene and 1 mL of benzyl alcohol. After 2 hours, the mixture is 
quenched with 10%-NaHCO3 and extracted with ethyl acetate. The combined organic layers 
are washed with brine, dried over magnesium sulfate, and concentrated in vacuo. The crude 
material is purified by silica gel column chromatography eluting with 20% acetone-hexane. 

F 7? m p1ft 259: Bnrmiila T: R- <*W, p '= Hr n = 1: Ri= H * 

Thcproduct of Example 11 (447 mg, 0.48 mmol) was dissolved in toluene (6 mL) and 
deoxygenated with nitrogen for 10 min. 2^-azo-bis(2-memylpropanitrile)(15.8 mg, 0.096 
mmol) and tributyltm hydride (196 uL, 0.72 mmol) were added, and the mixture was wanned 
to 75 °C for 3 hours with stirring. Ethyl acetate (40 mL) was added to the reaction mixture, and 
the organic layer was washed with brine, 10%-KHSO 4 , brine, 10%-NaHCO 3 , brine, and then 
dried over anhydrous magnesium sulfate. Evaporation of the solvent gave 421 mg of crude 
product Purification was carried out using silica gel column chromatography, elutmg 10%- 
ethyl acetate in chloroform. 28 mg of pure title compound was isolated. 
MS (FAB) m/z: M+K = 814. IR(KBr); 3500, 3460, 2950, 2920, 2860, 2840, 2820, 1740, 
1715, 1690, 1645, 1460, 1450, 1440, 1410, 1375, 1350, 1340, 1310, 1280, 1260, 1245, 
1190, 1170, 1150, 1140, 1100, 1090, 1070, 1040, 1020, 1010. 

iJl^ml HJ ^JirrLi: 1 ^ 0 1 * llflm = -C™CUnCV<,CH,- thns foxing * five 

mgTnViPTif/i rin r incc r rr^ ^" fhft nitrog ™ t0 whl>h thev m mcM 

The product of Example 1 1 1 is activated as in Example 1 12 and then treated with pyrrolidine 
instead of beiizylaniine to provide the title compound. 
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K«mpfe 261: Fn w ' f T ' R = R' = H: n = 1; R^-= -OCH<(Q)R^ (R configuration); 

L" z±E 14 ° 1 ^i^niZ 14 ^ ? 1 * ta1fffn tn f** ther = -^CBbOfrCrfrCrfr-. Thus fonwng a 

membered ring incorpora ting the nitrogen to which thev are attached, 
The product of Example 1 1 1 is activated as in Example 1 12 and then treated with piperidine 
instead of benzylamine to provide the title compound. 

' Rxampte 262: Fprm,,1 a TV- R = eth y l- R' = H: n = 1: Ri= GflkrfO)NH (S Conflation); 
tfLjgl and the carboq fn which thev an». attached form a diastereomeric pairpf eppxjdes; R& 
= OH: R24 = H. 

The product of Example 5 (1.13 g, 1.26 mmol) is dissoloved in methylene chloride (100 mL) 
and treated with diazomethane (8.4 mL, 2.5 mmol, -0.3 M in Et 2 0) at ambient temperature. 
TLC analysis (acetone/hexane, 2:3) is used to monitor the progress of the reaction. An 
additional equivalent of diazomethane is added every few hours until the reaction was judged to 
be complete. Excess reagent is removed by gently bubbling a stream of nitrogen through the 
reaction mixture, and then the volatiles are removed under reduced pressure. The products are 
separated and purified by flash chromatography (ethyl acetate, 300 g silica) to supply the major 
and the minor diastereomers. 

Exam ple 263- Formula T: R= allvl: R'= H: n= 1: Rl= H. 

The tide compound may be prepared according to the procedures described in Examples 1 1 and 
259, using FK-506 in place of ascomycin. 

Example 264: Formula T - R= ethanalyl- R'=H: n= 1: Rl= H. 

A solution of osmium tetroxide (1 mL of a 4% solution in water) is added into a stirred solution 
of the title compound of Example 263 (1.4 g) and 4-methylmorphoUne N-oxide (1.4 g) in THF 
(25 mL) and water (15 mL) at room temperature. The reaction mixture is stirred at room 
temperature for an additional 4 hours. After addition of sodium metabisulfite, the reaction 
mixture is partitioned between water and ethyl acetate. The organic phase is washed with brine, 
dried over magnesium sulfate and solvent is removed. The residue is redissolved in benzene 
(40 mL) and lead tetraacetate (1.4 g) is added. After stirring at room temperature for 4 min., the 
reaction mixture is diluted with ether and the precipitate is filtered off. The solution is filtered 
through silica gel (5 g) with ether elution. After removal of solvent, the product is purified by 
silica gel chromatography. 

FTamplft 265: Formula T; R = rarhnxvmethvl: R'= H; n= 1; Rl=IL 

A solution of the product of Example 264 (0.8 g) in ethanol (5 mL) is added into a suspension 

of 10% Pd/C (0.1 g) in ethanol (10 mL). Air is bubbled through the stirred reaction mixture for 
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96 hours, and the solid is removed by filtration. After removal of solvent, the product is 
purified by silica gel chromatography. 

Fvamnlft 266: Formula T: R= fP f t H ^rboxvmPthvT- F r =Hi Tl=\'. fe lL 

A solution of diazomethane in ether is added into a stirred solution of the product of Example 
265 (0 5 g) in methylene chloride (5 mL) until no starting material is present A few drops of 
glacial acetic acid are added and the reaction mixture is stirred for 0.5 hours. Solvent* 
removed and the product is purified by silica gel chromatography. 

^rn ^.ofn- Fo 1 r "i ^.p = N-mnmho1ine-RmidoniethYl-R'=H;n=l;R% a 
AsolutionofmeproductofExample265(0.2g),morpholine(0.06g), l-ethyl-3-(3- 
dimemylammopropyl)carbodiirnide hydrogen chloride (0.06 g) and 4-dimemylammopyndme 
(0 06 g) in dry methylene chloride (4 mL) is stirred at room temperature overnight Hie 
reaction mixture is partitioned between water and methylene chloride. After removal of solvent 
the productis purified by silica gel chromatography. 

P^m nlP.268: Fo ™»^ T- R=N-heto-hvdroxYethYlamidomethy1- F'=H; n= 1; fe iL 
The title compoundmaybepreparedfromtheproduct of Example 265 and ethanolamine 
according to the procedure described in Example 267. 



^compound may be prepared from the productof Example 265 and glycine methyl ester 
according to the procedure described in Example 267. 

F ^ r r i f no- Fm-r- ifi t. p= M-pineridine nmidomrthyl- F'= H; n= U 

The title compound may be prepared from the product of Example 265 and pipendme 

according to the procedure described in Example 267. 

F Yf , m p i ft 9-71 : P rnh T- R= N-bpnTvlwmidomgfllYl- R'= H; n= 1; fe li 

The title compound may be prepared from the product of Example 265 and benzylamme 

according to the procedure described in Example 267. 

F TW tf* 772: Fc nriT 1 " v R= N-n-hntvlamirioTnetovl; ft'= H; n= l\ 

The title compound may be preparedfrom the product of Example 265andn-butylamme 

according to the procedure described in Example 267. 



WO 93/04680 



- 109- 



PCT/US92/07600 



F.yam ple 273: Formula I: R = phftnvlcarboxvmethvl; R'= fl; n= 1; R , % £L 

The title compound may be prepared from the product of Example 265 and excess phenol 

according to the procedure described in Example 267. 

Rum ple 274: Formula I: R= 2-oxonroDVl; R'= H; n= 1; R% iL 

A mixture of palladium (II) chloride (0.05 g) and copper (I) chloride (0.1 g) in DMF (10 mL) 
and water (2 mL) is oxygenated by bubbling air through the mixture for 0.5 hours. A solution 
of the product of Example 263 (0.2 g) in DMF (2 mL) is added and the resulting reaction 
mixture is bubbled with air for 3 hours at room temperature. The reaction mixture is partitioned 
between ether and water. The organic phase is washed with dilute hydrochloric acid, brine and 
dried over magnesium sulfate. After removal of solvent, the product is purified by silica gel 
chromatography. 

Example 275; Formula I: R = rvclonropvlmethvl; R'= H; n= ljfefl, 
Diazomethane (20 ml, 1 M in ether) is added dropwise into a solution of the product of 
Example 263 (0.2 g) and palladium (II) acetate (0.02 g) in ether (5 mL) at -5 °C. After stirring 
at -5 °C for 1 hour, the precipitate is filtered off and solvent removed in vacuo. The product is 
purified by silica gel chromatography. 

^ nrr l p ™- iWnlT V: n= 1: Rl= H: R31^32^2%DHl^3%H L S^^ 
and R' taken toother with the c arhon atoms to which thev are attached form , a pyrrole with C- 
22 and C-21 booming p osi tions 2' and 3' of the heterocyclic system, 
A solution of the product of Example 264 (0.5 g) in methylene chloride (10 mL) is treated with 
ammonia (0.88 M, aq., 0.4 mL). After stirring at room temperature for 0.25 hours, the 
reaction mixture is partitioned between ethyl acetate and water. The organic phase is washed 
once with brine, dried over magnesium sulfate and solvent removed. The product is purified by 
silica gel chromatography. 

F w1r VT Rnrmnlar V: n= 1: Rl = Hi HLR^jj^S^^HJRM^ji^^^ 

and R' taken torthw with the carbon atoms to which thev arc attacM form a N-fbgta- 
hvdroyvftthvn-Dvn-ole. with C-22 a nd C21 becoming positions 2' an4 V of the tieteroPYPlic 
svstem. 

The title compound may be prepared from the product of Example 264 and 2-aminoethanol 
according to the procedure described in Example 276. 
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Tte title compound may be prepared from the product of Example 264 and benzylamine 
according to the procedure described in Example 276. 

and R' taken T n f T fttner wifll tf"*- carbon ate - - ' " " " 

„ ^th r-99 and C-2i Wnmin f positions ?' and T of the h^rocyclic system, 
The title compound may be prepared from the product of Example 264 and aniline according to 
the procedure described in Example 276. 

^ »■ tsV.n tether ftr ™*,nn atoms to which theY ate tt T M B N^thylpyrrofr 
^M) r-99; and C-2 1 fr ^in f positions ?' and V of the heterocyclic system. 
me title compound may be prepared from the product of Example 264 and methylamine 
according to the procedure described in Example 276. 

„nH P-71 hecomif Trr^^rinn^ 2' and V of thr ftfftt«yvclip system. 

Toe product of Example 264 (0.2 g) and p-toluenesulphonic acid (0.005 g) in dry methylene 

chloride is refluxed under nitrogen for 1 hour. Afteriemoval of solvent, the product is punfied 

by silica gel chromatography. 

^ r r vm Form er m ' ^-iH*YM^TT-t^l:tfl«BJfeHJfe 

^iHin^thvisTivioxv: R^ j^aSjadR ^ r n v r p toother form ar. pxo group. 

Asolution of theproduct of Example 54 (1.0 g) in acetonitrile (10 mL) was added into a stirred 
solution of HF (0.1 mL, 40% aqueous) in acetonitrile (10 mL) and stirred at room temperature 
for 10 min Saturated sodium bicarbonate (0.5 mL, aqueous) was added and stirred for 20 
min SolventwasremovedinvacK*. Ether (50 mL) was added to the residue and the mixture 
dried over magnesium sulfate. Solid was removed by filtration and solvent removed m vacuo. 
Theproduct was purified by silica gel (20 g) eluting with 20% (v/v) acetone in hexanes. Yield: 
0.67 g; MS (FAB) m/z: M+K = 944. 
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Exam ple 283: Formula V: R= et b vl- R'= H: n= 1: R2 = H: RZ= UlRljm&£ 4 ftKCT together , 
form an oxo group: R2 1= H- R32= H: R33= ^ntvlriimP.thvlsilvloxv: R34= H: R35jukLE26 
tafcen together form an oxn group. 

The title compound was prepared from the product of Example 282 according to the procedure 
described in Example 48. MS (FAB) m/z: M+K = 942. 

Exam ple 284: Form ^a y P= »™v1: R'= H: n= 1: R2= H: tfeK&jg^JtiaUlMte 
form an oxime: R2 1= W- r22= H: t.hnr,lnimethv1silvloxv: R%= R^_and_R26jaj£SB 
tnpether form an oxo group. 

N-methylmorpholine (0.1 mL) was added into a stirred solution of hydroxylamine 
hydrochloride (0.05 g) and the product of Example 283 (0.52 g) in absolute ethanol (3 mL) 
and stirred at room temperature for 1 hour. The reaction mixture was refluxed for 1 hour and 
solvent removed. The product was purified by silica gel (20 g) during with 20% acetone in 
hexanes. Yield: 0.5 g; MS (FAB) m/z: M+K = 957. 

Exam ple 314: Formula T: R= ethv!: R'= H: n= 1: Rl= henzenesulfonvloxy. 
Ascdmycin (791 mg, 1 mmol) was dissolved in 6 mL of pyridine in an ice bath and 
benzenesulfonyl chloride (153.1 uL, 1.2 mmol) was added. It was then stirred at 0 °C for 15 
min and at room temperature for 24 hours. Ethyl acetate (40 mL) was added to the reaction 
mixture, and the organic layer was washed with brine, 10%-KHSO4, brine and then dried over 
anhydrous magnesium sulfate. Evaporation of the solvent gave 961 mg of product MS 
(FAB) m/z: M+K=970. 

Example 315: Formula V: R= ethvl: R'= H: n= 1: Ri= N-nhftnvlcarbamate ; R31=a_R32=iL 
p33= t-h^ tY l^methvlsilvloxv: R34= H: R^iffldRSfi taVr toother fprm an pxQ group, 
A solution of the product of Example 282 in THF is added to a solution of phenyl isocyanate in 
THF. It is then gently refluxed until the total disappearance of starting-material is observed. 
Catalytic amount of TEA is used if neccesary. Solvent is removed, and is purified by silica gel 
column chromatography to yield the title compound. 

Example 316: Formula I: R= ethvl: R'= H: n= 1: Rl= N-nhenvlcarbarqate- 
The product of Example 315 (200 mg) is dissolved in 2.5 mL of acetonitrile and 48% 
hydrofluoric acid (100 uL) is added. It is then stirred at room temperature for 4 hours. Ethyl 
acetate (30 mL) is added to the reaction mixture, and the organic layer is washed with brine, 
10%-NaHCO3, brine and then dried over anhydrous magnesium sulfate. Evaporation of the 
solvent gives crude product which is purified by silica gel (25 g) column chromatography, 
eluting 1.5%-methanol in chloroform. 
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A solution of theproduct of Example 282 mmemyler^cUoride is added to a solution of trfhc 
anhydride in methylene chloride, according to the procedure described in Examplela. To a 
solutionofmeobtamedproductmmemylenecUorideisaddedsodiumphenylmerc 

DMF It is then gently warmeduntil the total disappearance of starting material is observed. 
Solvent is removed, and is purified by silica gel column chromatography to yield the title 
compound. a4-t-butyldimemylsuyl is removed according to the procedure described in 
Example 316 to give the title compound. 

n^Mifr Fnrmulnr- P- ethyl- F'=ff; n= 1; Ri^gnzvjfliio, 

The title compound may be prepared from the product of Example 282 and sodium 

benzylmercaptide, according to the procedure described in Example 317. 

T^m pi^lQ: Fom - VT- R=p-thvl:R'=H;n=l; . R %m 
TheproductofExampleSlSis^^^ 

added until the reaction is completed. Solvent is removed, the residue is dissolved in degassed 
water, and is purified by high performance liquid chromatography to yield the tide compound. 

F^ plp TM: For ^nl fT- R= ft thvl: R'=H; H= 

The product of Example 319 is carefully dissolved in degassed water (or mixed solvent if 
necessary). Uthium thiocyanate hydrate and zinc chloride (H) are carefully added. After the 
total oisappeaxanceofstartingmaterialis observed, ethanethiol is added and stirred atroom 
temperature for 5 hours. Solvent is removed, the residue is purified by silica gel column 
chromatography to yield the tide compound. 

A solution of " 17-epi-FK-506" (as described in published European Patent Application No. 
0356399) (0 41 g), o-phenylenediamine (0.108 g) and N-methylmorpholine (0.072 g) in 
absolute ethanol (3 mL) is refluxed under nitrogen overnight Solvent isremoved m and 
product is purified on silica gel (10 g) with methylene chloride/acetonitrile (5:2, v/v) elution, 
followed by 40% acetone in hexanes to give the desired compound. 
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Exam ple 322: Formula TT: R= e t hvl- R'=H: n= 1: taken together with ftp cajbpn atPmS tQ 
o/hirh thev are attached. R2 fi R22. R2& and R22 form a fused naphthalene m>UP wherein ftp 
a r » adjacent to C-Q and C - ^n am substituted hv evano groups: RfiQ = OH (R configuration); 

Ascomycin (1 mmol) is reacted with 1,2-phenylenediacetonitrile and piperidine according to 
published methods of ring formation (Bull. Soc. Chim. Fr. 1946, 106; J. Am. Chem. Soc. 
1951, 73, 436). Solvent is removed in vacuo and product is purified on silica gel to give the 
desired compound. 

Exam ple 323: Formula TT: R= et h vl: R'=H: n= 1: taken together with the parfrpn , atoms \Q 
yftfeh thev are attached. R26 and R2& are each OH: R2 2 andJR2 2, taken t Qggther fprm -CH?- 
C/r^-CHo. group : R& = OH (F config uration); Rff=ii 

Ascomycin (1 mmol) is reacted with l-tximethylsUyl-2-iodomethyl-prop-2-ene and SnF2 
according to published methods of ring formation (J. Am. Chem. Soc. 1986, 108, 4683). 
Solvent is removed in vacuo and product is purified on silica gel to give the desired compound. 

Exam ple 324: Formula V: R= ethvl: R'= H: n= 1 : X= subfoimula la; R^TB£Qi 
rR-rnnfi.niratin p V Y= snhformula Ula: R3 1 andJ&2 2 taken together f Oim djazo; R^ jyjcLRM 
taken together form an oxo: R3 S and R& taken together form an 0X0. 
The product of Example 8b (16.9 g, 18.7 mmol) in CH3CN containing water (0.34 mL, 18.7 
mmol) and triethylamine (3.9 mL, 28. 1 mmol, 1.5 eq) was treated with a portion of 
methanesulfonylazide (4.5 mL, 56.2 mmol) at ambient temperature (7 hours). The mixture 
was concentrated in vacuo and filtered through a plug of silica gel (300 mL, 70-230 mesh) 
eluting with hexane:EtOAc (1L, 2:1). Fractions containing product were pooled and 
concentrated. This was purified further by HPLC on silica gel (50mm x 500 mm, 230-400 
mesh) eluting with hexane:EtOAc (6L, 5:1). The appropriate fractions were combined and 
concentrated to provide product as a yellow foam (13.8 g, 14.8 mmol) in 79% yield. IR 
(CDC13) 2130, 1743, 1645 cm "1; MS (FAB) m/z 968 (M+K), 940 (M+K-N2). 

Example 325: Formula V: R= ethvl: R'= R^ JR ^ ff; n = 1 ; X ^ubfffTOBta fo; Rl^TBSQi 
CH rnnfiguratifn); V= snhformula TJIa': R& andJ&3 4 taken tOfTtt OT form Wl OXO, 
The product of Example 324 (13.8 g, 14.8 mmol) in N-methylpyrollidone (600 mL) containing 
water (96 mL) was heated at 1 10 °C for 80 rain after gas evolution commenced. The mixture 
was cooled and partitioned between EtOAc (1 L) and water (1 L). The aqueous layer was 
extracted with additional EtOAc (1 L). The organic layers were each washed sequentially with 
water (1 L) and brine (500 mL), and were then combined and dried (NaS04). The solvent was 
removed invacuo and the residue was passed through a silica gel column (300 mL, 70-230 
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mesh) elating with a mixture of hexane:EtOAc (2: 1, 2 L). The fractions containing product 
were combined and concentrated to a yellow oil (10 g) which was farther purified by HPLC on 
silica gel (1L, 230-400 mesh) eluting with hexane:EtOAc (5:1). This provided pure product 
(5.3 g, 6.1 mmol) in 41% yield. IR (CDCI3) 1750, 1722, 1705 (sh), 1645 cm "1; MS (FAB) 

m/z 914 (M+K). __ 

Anal. Calcd. for C 48 H8lNOilSi: C 65.79; H, 9.32; N, 1.60. Found: C, 65.57, H, 

9.08; N, 1.56. 

FTriir . rfr ,o<. ^i. v.p =ft ^1:R-=R^ l , -H>n-1-y=^fonnu1aft;^ ^ 
r ^n ^Wfnrm an cnKfhm.uIa ma: Rtt mlfig n frn to^r form adia*,; fl * 

mf w^~ nr ^fnrm ,n nxo: n^rodE? t*Hi tnffHirrftim an oxo, 
The product of Example 14a (3.56 g, 4.5 mmol) in acetonitrile (89 mL) containing water (82 
micro-L, 4.5 mmol) and triethylamine (0.95 mL, 6.8 mmol, 1.5 eq.) was treated with 
memanesulfonylazide (1.09 mL, 13.6 mmol, 3 eq.) for 6h. Volatiles were immediately 
temovedinvacuoandtheresidue purified by MPLCon230-400 mesh Si0 2 (2.54cmx45cm 
column)eluting with hexane:acetone (4:1) collecting 100 mL fractions throughout, which 
provided pure product (2.73g, 3.35 mmol) in 75% yield. IR (film) 2930, 2115, 1725, 1645, 
1455, 1200 cm -1; MS (FAB) m/z (M + K + thioglycerol)= 932, (M + K)= 852, (M+K-N 2 )= 

824. 

pff n ^U TW Y" *= ^hvV. RWRfc B g- ff- n- 1 • V- ^formula lb; Y- 
^nhfnrmnla ma': Rg ja^JflfrH tocher form an, qx<l 

The product of Example 326 (1.0 g, 1.23 mmol) in N-methylpyrollidone (50 mL) and water (8 
mL) was heated at 1 10 °C (45 mm). The reaction mixture was cooled and partitioned between 
water (500 mL) and EtOAc (300 mL). The aqueous layer was extracted with additional EtOAc 
(300 mL) The organic layers were washed with additional water (500 mL) and bnne (500 
mL) combined, and dried (Na 2 S0 4 ). The extract was decanted from the drying agent and 
concentrated to a colorless foam (1.04 g), which was purified by silica gel chromatography 
(70-230 mesh, 300 mL) eluting with hexane:acetone (4:1, 2.5 L). The appropriate fractions 
were pooled and concentrated to provide pure product (0.55 g, 0.72 mmol) in 59% yield. IR 
(CDCI3) 1743, 1721, 1643 cm" 1 ; MS (FAB) raft 798 (M+K). 

Anal. Calcd. for C42TONOII: C, 66.38; H, 8.62; N, 1.84. Found: C, 66.74; H, 

8.29; N, 2.25. 
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RmmplB 328: Formula V- R= ethvl: R'= R2 4= R3J=&2 fi= ff; n= j; ft= SUhfprrn , u)a fr, R *S 

trso- rR confi prirarion^: Y= suhformula ma'; r2S=Q1L 

A 1.0M solution of LiAlH(Ot- Ja)3 in THF (8.2 mL, 8.2 mmol) was added dropwise to the 
product of Example 325 (1.8 g, 2.05 mmol) in THF (8.0 mL) at -78 °C and allowed to stir for 
lh, whereupon it was warmed to -40 °C and stirred at this temperature for 24h. The reaction 
was quenched by the addition of acetone (1. 1 mL) and then stirred vigorously at room 
temperature for 15 minutes with a saturated aqueous solution of sodium potassium tartrate (30 
mL). The mixture was partitioned between water (60 mL) and EtOAc (100 mL). The organic 
layer was washed with IN HC1 (40 mL) and brine (2 x 50 mL). All aqueous layers were 
extracted with additional EtOAc (100 mL). The organics were combined, dried (Na2S04) and 
concentrated in vacuo. Purification by chromatography on 70-230 mesh silica gel (20 g) 
eluting with toluene:EtOAc (5:1) provided pure product (0.9 g, 1.03 mmol) as a colorless foam 
in 50% yield. IR (CDCI3) 1735, 1720 (sh), 1670, 1645 cm -1; MS (FAB) m/z 918 (M+K). 

Example 329: Fo r ™1* TTT- R= e.thvl: R'= RM = r25=r3 6= Hi P= I \ Y= wfrftrmfflft » 

A 1M solution of HF (0.35 mL, 0.35 mmol (0.42 mL 48% aqueous HF in 9.58 mL CH3CN 
provides a 1M solution)) was added dropwise to a solution of the product of Example 328 (290 
mg, 0.33 mmol) in acetonitrile (3.2 mL) at 0 °C. The mixture was warmed to room 
temperature and stirred for 45 minutes, whereupon it was cooled to 0 °C and solid pulverized 
NaHC03 (244 mg, 2.9 mmol) was added. After 30 minutes anhydrous MgS04 (250 mg) 
was added and the mixture stirred for 15 minutes, when it was diluted with methylene chloride 
(15 mL), centrifuged and passed thru a plug of silica gel. The silica was eluted with 
hexane:acetone (1:1), and the fractions containing product were pooled, concentrated and 
purified by HPLC on silica gel eluting with hexane:acetone (2:1) providing desired product 
(163 mg, 0.21 mmol) in 64% yield. IR (CDCI3) 1735, 1645 cm MS (FAB) m/z 802 
(M+K). 

Anal. Calcd. for C42H69NO11: C, 66.03; H, 9.10; N, 1.83. Found: C, 65.92; H, 
8.93; N, 1.76. 

Fyampta 330: F0rm.1l* Tr R= ethvl: R'= H: n= 1: Rl= -OCH9aO)QCW7f9-fluorenyl) (R 
rnnfipiirationV 

Ascomycin (10 g, .012 mol) was dissolved in distilled CH2CI2 (50 ml). Rhodium (II) acetate 
dimer (100 mg) was added and the mixture cooled to 0 °C. 9-Fluorenylmethyl diazoacetate 
(3.35 g, .012 mol) was dissolved in CH2CI2 (10 mL) and the solution added to the reaction 
via syringe pump at a rate of approximately 0.5 mUhour. Addition was complete in 
approximately 24 hours. The reaction was stirred at 0 °C for an additional 24 hours then 
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loaded onto silica (230-400 mesh, 400 g) and the solvent evaporated by airflow in the hood. 
The adsorbed silica was layered over fresh silica (800 g) in a 1 L fritted glass funnel. The 
silica plug was eluted with the following solvents: CH 2 C1 2 (2 L), 3:1 CH2CI2/CH3CN (4 L), 
2-1 CH2CI2/CH3CN (3 L), and 1:1 CH2CI2/CH3GN (3 L). Fractions containing product 
were combined and concentrated in vacuo to give 7 .32 g yellow foam. Fractions containing 
ascomycin were combined and concentrated in vacuo to give 3.30 g green foam (contains some 
catalyst). The product was further purified by HPLC (silica gel, 230-400 mesh, 50 x 500 mm 
column) eluting with 3.5: 1 hexane/acetone at a flow rate of 80 ml/min. Fractions containg 
purest material were combined and concentrated in vacuo to give the title compound as a white 
foam (4.0 g, 45% yield based on recovered ascomycin). 
IR (KBr) 3440, 1740, 1710 (sh), 1650 aarh MS (FAB) m/z 1066 (M+K). 

Anal, calcd. for C59H8INO1 4'0.7 H 2 0: C, 68.08; H, 7.98; N, 1.35. Found: C, 

68.11; H, 7.88; N, 1.51. 

n ^™. vn^v P-,thv1-R-=H;n=l;Ri - QrHor fO)OH fP configuration), 
The resultant product of Example 330 (5.10 g, 5 mmol) was dissolved in CH 2 C1 2 (45 mL) 
then piperidine (5 ml) was added. The solution was stirred at room temperature for 2 hours 
then transferred to a separatory funnel, diluted with addtional CH 2 C1 2 (100 mL), then washed 
with IN HC1 (2 x 100 mL) and brine (2 x 100 mL). The organic layer was dned (Na 2 S0 4 ), 
filtered, and the solvent removed in vacuo to give 5.08 g of a mixture of the title compound and 
9-methylenylfluorene. MS(FAB) Wz 888 (M+K), 926 (M+2K-H). 

The product of Example 331 (100 mg, .118 mmol) was dissolved in dichloromethane (1 mL) 
and the solution cooled to 0 °C. HOBT-H 2 0 (21.6 mg, .142 mmol) was added followed by 
EDAC(27 lmg,. 142 mmol) then phenethylamine (26.7 uL,. 212 mmol). The reaction was 
warmed to room temperature and stirred overnight Dichloromethane (10 mL) was added and 
the organic phase washed with IN HC1 (2 x 20 mL), saturated bicarbonate solution (2 x 20 
mL) and then brine (2 x 20 mL). The organic layer was dried (Na 2 S0 4 ), filtered, and solvent 
removed in vacuo to give 87.5 mg yellow foam. The crude product was purified by HPLC (20 
x 300 mm silica column) eluting with 2:1 hexane/acetone. Fractions containing product were 
combined and solvent removed in vacuo to give the title compound (49.6 mg, 44% yield) as a 
white solid: 93-105 °C (mp); IR (KBr) 3435, 1740, 1700, 1650 cm-1; MS (FAB) m/z 953 
(M+H), 991 (M+K). 

Anal, calcd. for C53H80N2OI3: C, 66.78; H, 8.46; N, 2.94. Found: C, 67.13; H, 
8.33; N, 3.04. 
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Rvample.333: Formnla T: R= ethvl-. R'= H: n= 1: Rl= -OCH?CfO)R^ l£-^m^E^l 
Pl4= PHr Rl3= -CTOCHiCgH V 

Example 332 was repeated substituting N,N-methyl, 2-phenylethyl amine for 
2-phenylethylamine to provide the title compound. 

Ryample 334: Formula T: R= eth vl- R'= H: n= 1: Rl= -OCH9aO)R^;Rl2= 
-HNrrHo^NH-dansvl. 

The title compound was synthesized in the manner described for Example 332 substituting 
dansyl cadaverine for 2-phenylethylamine. IR (KBr) 3420, 1740, 1700, 1645 cnr 1 ; MS 

(FAB) mJz 1205 (M+K). 

Anal, calcd. for C62H94N4O15S: C, 63.78; H, 8.12; N, 4.80. Found: C, 63.43; H, 

8.25; N, 4.48. 

Rv.mp1P.335: Forr ^ T- R= p.thvl: R'= H: n= 1: Rl= -0CH?C(0)R^lil^=_dHNC6H5* 
The title compound was synthesized in the manner described for Example 332 substituting 
aniline for 2-phenylethylamine. 1 12-120 °C (mp); IR (KBr) 3440, 3400 (sh), 3300 (sh), 
1740, 1700, 1650, 1540, 1500 cm" 1 ; MS (FAB) m/z 963 (M+K). 

Anal, calcd. for C51H76N2O13: C, 66.21; H, 8.28; N, 3.03. Found: C, 66.11; H, 

8.15; N, 3.23. 

Example 336: For mula T: R= ethvl: R'= H: n= 1; Rl= -OCH?C(Q)R^l£A= 
.HNrCH 2 V>NfCH2CH2^0. 

The title compound is synthesized in the manner described for Example 332 substituting 2-(4- 
morpholmo)-emylamine for 2-phenylethylamine. 

Example. 337: For mula T: R= ethvl: R'= H; n= 1: R-^= -OCH?C(0)H— i-E-^= 

The title compound is synthesized in the manner described for Example 332 substituting 3-(4- 
morpholmo)-propylamine for 2-phenylethylamine. 

Rxample338: Formula T: R= ethvl: R'= H: n= 1: Rl= -OCmaQ^l&l^B 
-HNfCH2'>2N('CH3)9. 

The title compound is synthesized in the manner described for Example 332 substituting 
2-dimethylamino-ethylamine for 2-phenylethylamine. 
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The title compound is synthesized in the manner described for Example 332 substituting 
3-climemylanmio-propylamme for 2-phenylethylamine. 

The title compound was synthesized in the manner described for Example 332 substituting 
L-phenylalaninebenzylesterfor 2-phenylethylamine. MS (FAB) m/z 1125 (M+K), 

Fnrmnla J ' p-^^H: n= 1: Rl= -QCH2C(2m^^ 

The title compound was synthesized in the manner described in Example 111 substituting the 
productfrom Example 340 for the product from Example 110. IR(CDC1 3 ) 1740, 1700(sh), 
1645 cm" 1 ; MS (FAB) m/z 1035 (M+K). 

hT fW Fnmrn V P -^TP- = H : n=l:Rl=-OCH7CfO)R^ lBi 2 = 
^VHNCHrCH9C^H5} m2CIi2£lL 

The title compound is synthesized in the manner described for Example 332 substituting 
D-phenylalanine benzylester for 2-phenylemylamine. 

The title compound is synthesized in the manner described in Example 111 substituting the 
product from Example 342 for the product from Example 110. 

CTtrT h W Formula P -^vl- P'= H: n= 1: R l= ^CH20Q^lR^= 

-pjrr.Ho^SH. 

The title compound is synthesized in the manner described for Example 332 substituting 

2- amino-emanethiol for 2-phenylemylamine. 

v^ ^W Fnrmu^ r. P- hM- P/= H: n= 1: Rl=_^CH2C(Q)E^^ 

The title compound is synthesized in the manner described for Example 332 substituting 

3- amino-propanethiol for 2-phenylemylamine. 
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F.xample 346: Formula I: R= eth vl: R'= H: n= 1: Rl= -OCFbCfOWoH*; (R configuration), 
Silver (I) oxide (926 mg, 4.0 mmol) was added to ascomycin (791 mg, 1.0 mmol) dissolved in 
acetonitrile (0.8 mL) and ethyl iodoacetate (828 uL, 7.0 mmol). Mixture was stirred at room 
temperature for 3 days, removed volatiles in vacuo, and isolated product by chromatography 
on silica gel as described in Example 109. Spectral data were identical to those obtained for the 
product of Example 109. 

Example 347: Formula I: R= ethv l: R'= H: n= 1: R-L= -OC(Q)-forrfto-NO?VCfiH4iR 
configuration'). 

Ascomycin (791 mg, 1.0 mmol) and triethylamine (0.28 mL, 2.0 mmol) in dichloromethane 
(10 mL) were cooled to 0 °C. 2-Nitrobenzoylchloride (322 jjL, 2.2 mmol) was added 
followed by DMAP (122 mg, 1.0 mmol). Warmed the mixture to room temperature and after 
24 hours pardoned the solution between IN H3PO4 (30 mL) and EtOAc (30 mL). The 
aqueous layer was extracted again with EtOAc (30 mL). The organics were washed with brine 
(2 x 30 mL), combined, dried (Na2S04) and concentrated in vacuo. The residue was purified 
by HPLC on silica gel eluting with hexane:acetone (2.5:1) providing the title compound in 40% 
yield. MS (FAB) m/z 979 (M+K). 

Example 348: F o rmula V: subformnla TTTa: R= ethvl: R'= r3 -1= r32= r2 4= H; n= 1 ; R4 = 
-aCJQUnrtho-NOlYCtf^ (R configuration): r2 2= -nC(nUnrthn-KO?)-CtfU: R35=R3j= 

Also isolated from the products of Example 347 was the tide compound. MS (FAB) m/z 1 128 
(M+K). 

Example 349: Formula T: R= ethv l: R'= H: n= 1: R-l= -OC(Q)-2-PVridv1 (R configuration), 
l-(3-Dmiemylammopropyl)-3-emylcarbodiimide hydrochloride (700 mg, 3.7 mmol) was 
added at 0 °C to ascomycin (791 mg, 1.0 mmol), picolinic acid (381 mg, 3.1 mmol) and 
triemylamine (0.28 mL, 2.0 mmol) in dichloromethane (10 mL) followed by DMAP (122 mg, 
1.0 mmol). The mixture was warmed to room temperature and stirred for 36 hours, 
whereupon it was partitioned between EtOAc (30 mL) and water (30 mL). Organics washed 
with brine (2 x 30 mL). Aqueous portions reextracted with EtOAc (30 mL), organics were 
combined, dried (Na2S04) and concentrated in vacuo. Residue was purified by HPLC on 
silica gel eluting with hexane:acetone (1:1) to provide the title compound. MS (FAB) m/z 935 
(M+K). 
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^ n o.rr w fP .^ration): R^ ndjlS l r .yni lop p thcT form a bond; R_^R^H 
Also isolated from the products of Example 349 was the title compound. MS (FAB) m/z 917 
(M+K). 

n rr r ,^1- Formula Y T-f—nl^- R'= R^^S^^l^ 

f-n ? Hf^ f» ^^rionVR^-OqOV^PYridYl^^ ^ 
Also isolated from the products of Example 349 was the title compound. MS (FAB) m/z 1040 
(M+K). 

^^o^^^ound is synthesized in the manner described in Example 111 substituting the 
product from Example 347 for the product from Example 110. 

pr tum Formr i.vc^ fm „i a m a: p = ethvl;R , = R 3 J^3^3j^ HLE i^= 
-nr f nw^-NH9VC^H 4 (R c onfipnrati Q n)- gfl - -Or (0)>^m 7 >-C 6B4^-^= 

g3fi=0. . . 

The title compound is synme^izedmme manr^rQ^crib^mfeample 111 substmmng the 

productfromExample348 for the product from Example 110. 

T TU^ ._„ Ta m- F-ethvVF' = ^ 

n . r y nth.r = N-h e p ^l r i >^7invl: R3 S^ndE.3 6 T ^n top e tfirrfprm 0X0. 

The product ofExample 36 (500 mg. 0.65 mmol) was dissolvedin 5 mL of methylene 

chloride containing 1-benzyl-piperazine (337 uL, 1.95 mmol) and triethylamme (270 1.95 

mmol) The mixture was stirred at room temperature for one over night Ethyl acetate (50 mL) 

and brine solution were added and partitioned. The ethyl acetate layer was washed with bnne 

(x3) driedoveranhydrousinagnesium^ 

column, followed by HPLC to obtain the title compound. Yield 159 mg (26%), MS (FAB) 
m/z: M+H = 950, M+K = 988. 

^■ r1r , g <. ^,,m. F-,thvl-F- = ^ 

n * ^ ntw = N-m ^ vip ^^"vi= and ^ trt r n mp n frr form m 

Tne title compound was prepared from the product of Example 36 (700 mg, 0.91mmol)and 
1-methylpiperazine (507 UL, 4.55 mmol), according to the procedure described in Example 
354. Yield 208 mg (26%), MS (FAB) m/z: M+H = 874, M+K = 912. 
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Rumple 356: Fo m .nl, TTT- R = ethvl: R' = H; n = 1; R^ ^32 = B; one Of R^jmd&M =jj 
and the other = N-phenvloiperazinvl: R2 3 and_E.3 6 taken together form Q*Q. 
The title compound was prepared from the product of Example 36 (500 mg, 0.65 mmol) and 
1-phenylpiperazine (493 nL, 3.25 mmol), according to the procedure described in Example 
354. Yield 248 mg (41%), MS (FAB) m/z: M+H = 936, M+K = 974. 

Example 357: Formula T: R= ethvl: R'= H; n= 1; Ri= azido (R C onfiguration), 
To a stirred solution of the product of Example 9 (0.9 g, 1 mmol) in methylene chloride (2 mL) 
was added n-tetrabutylammonium azide (3.5 mmol) in chloroform (10 mL). After stirring at 
45°C overnight and at room temperature for 3 days, the reaction mixture was treated according 
to the procedure described in Example lb and was further purified by HPLC (high 
performance liquid chromatography) to obtain the title compound (66.2 mg). m/z: M+K = 855; 
IRCKBr) 3490-3420, 2960, 2940, 2875, 2820, 2100, 1740, 1720, 1705, 1650, 1455, 1380, 
1350, 1285, 1245, 1200cm' 1 . 

Example 358: Formula VII: R= ethvl: R'= H: n= 1: Ri= azido ffl Configuration); R^aM&g 
taken together form an nxo proup: R2 1 and R3 2 taken topf-ther form a bond; R%=BJ£4=IL 
R2 5 and R36 taken togethe r form an oxo group. 

The title compound was isolated as a by-product from the reaction described in Example lb. 
Yield: 53.0 mg. MS (FAB) m/z: M+K = 837; IR(KBr) 3430, 2960, 2930, 2870, 2825, 2090, 
1735, 1715, 1670, 1650, 1625, 1590, 1450, 1375, 1360, 1345, 1325, 1280, 1270, 1250, 
1235, 1200cm* 1 . 

Example 359: Formula I: R= ethvl: R'= H: n= 1: Rl = TPHoCfmNH (S-ConfigurationV 
The product of Example 2 (316.4 mg, 0.4 mmol) in 5 mL of methylene chloride at 0°C was 
treated with iodoacetic anhydride (169.9 mg, 0.48 mmol), triethylamine (0.115 mL, 0.8 mmol) 
and DMAP (4 mg, 0.04 mmol), and the mixture was stirred at 0 °C for 2 hours and at room 
temperature for 6 hours. Ethyl acetate (25 mL) was added, and the organic layer washed with 
10%-KHSO4, brine, 10%-NaHCC>3, brine, and then dried over magnesium sulfate. The crude 
product (383.6 mg) obtained was purified by HPLC. Yield: 37.1 mg; MS (FAB) m/z: M+K = 
997. 

Example 360: Formula T: R= ethvl: R'= H: n= 1: R-L= niethvInhPSPhorvtoXY 
fR-Configuration). 

Ascomycin (474 mg, 0.6 mmol) was dissolved in 8 mL of benzene at 0 °C. Triemylamine 
(250 \iL, 1.8 mmol), diethylchlorophosphate (250 ^iL, 1.8 mmol), followed by DMAP (15 
mg, 0. 12 mmol) were added to the reaction mixture. It was stirred at 0 °C for 15 minutes and 
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aUowed to warn to room temperature. After staring overnight, 20 mL of cold 
aqueous solution was carefully added to the cooled reaction mixture. Ethyl acetate (40 mL) 
was added to extract the compound. The organic layer was washed with 10%.NaHSO 4 , bnne, 
saturated NaHC0 3 , brine and dried over anhydrous magnesium sulfate. After the solvent was 
removed, 632 mg of crude product was obtained. This was purified by reverse phase-HPLC 
to yield 140 mg of pure title compound in 25 % yield. MS (FAB) m/z: M+K = 966. 

The product of Example 11 (3.24 g, 3.5 mmol) was dissolved in 40 mL of benzene under 
nitrogen atmosphere. AIBN ^-azobisP-memylpropanenitrile], 29 mg) and tnbutyltin 
hydride (1.4mL, 5.25 mmol) was added to the reaction mixture. The mixture was gently 
refluxed at 80 °C for 4 hours, and solvent was removed. The residue was dissolved in ethyl 
acetate(60mL) and washed with brine (30mL x 2), 10% sodium bisulfate (30mLx3),bnne 
(30 mL x 1) , saturated sodium bicarbonate (30 mL x 3), and brine (30 mL x 3). It was then 
dried over anhydrous magnesium sulfate. Purification of the crude product (5.01 g) was 
camedout by silicagel column, followedby reverse phase HPLC to obtain the title compound. 
Yield 466 mg (17%), MS (FAB) m/z: M+K = 816. 

fTrrr ^o. w^T. F-rthvl- R'=H; U R^^Z^j^m^ 

form a bond). 

C-32-TrMuoromemanesulfo^^^^^ (580 mg, 0.16 mmol) 

was dissolved in 4 mL of methylene chloride and triemylamine (684 pi, 1.68 mmol) was 
added The mixture was stirred at 50°C for 3 hours and at room temperature ovenught 
Methylene chloride was evaporated and ethyl acetate (40 mL) added to the residue, which was 
washed with 10% sodium hydrogen sulfate (20 mL x 3), brine (20 mL), saturated sodium 
bicarbonate (20 mLx 3) and brine (20 mLx3), and dried over magnesium sulfate. After 
deprotectionaccordingtotheprocedure of Example 60, 

silLagdchromatography, foUowe4bynormal P haseHPir. Yield: 50 mg (12%); MS (FAB) 
m/z: M+K = 812. 

ILJI"_QIIJ1' u ii^1 p35 ~ -<">- h *"™ v1 fS-confiniratjon); R3%Ij. 
To a stirred solution of 32-TBDMS, 22-S-dihydro ascomycin (prepared according to the 
procedure of Example 103c, 0.14g, 0.15 mmol) and triethylamine (0.10 mL, 0.75 mmol) m 
CH 2 a 2 (3 mL) was added benzoyl chloride (0.052 mL, 0.45 mmol) followed by DMAP 
(0 002g 0 015 mmol). The reaction was stirred at room temperature overnight, and then 
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diluted with ethyl acetate. The ethyl acetate layer was washed with 0.1M H3PO4, NaHC03, 
brine and dried over Na2S04. Evaporation provided the tide compound (0.13g). 

H»mnh 365: Phnq yip m- R= .thvl- n=1 : R'= H: R31= H; Rg»lfctf3BflflJr%BJfe 
-Q-hp.n7.0vl fS -configuration>: R2d= H. 

The crude product derived from the procedure of Example 363 (0.13g) was treated with HF 
according to the procedure of Example 60 and then purifiedby RP-HPLC (41.4 mm ID, 
Dynamax-60A 8nm phenyl, 83-D41-C) to give 0.085g of the title compound in 64% yield. 
FAB-MS (m/z) 936 (M+K). 

Examples 365a and 365h: F o rmula V: R= 2-hvdroxvethvl; n= \\ R'= Hi Rl= 
rt.h„tv1rii mP .thv1si1v1oxv: R3 1= H: R32=B L r2 2= f .^it y1diniet|iYlsilY>Qxy; R2%jjiR^.and 
R3fi faVftti toother form an oxn group, and 

Formula VH: R- 2-hvdroxvethvl: n=l : R'= H : R 1 = i-hutvldimethvl-silvloxy; one pf R^afld, 
T?2 2ic H a nH the other is OH: R2 3= QH; R^aisfl^jLEr ^ ^hiityldi^ethvlsilvlpxy; 
RM= H: R35 and R3 6 t^n together form an oxo group. 

To a stirred solution of 32,24 -bisTBDMS , 21-ethanal ascomycin (0.50g, 0.50 mmol, 
prepared according to the methods described in published PCT applications Nos. 
WO 89/05304 and WO 91/04025) and sodium triacetoxyborohydride (0.3 lg, 1.45 mmol) in 
CH3CN (15 mL) at 0°C was added acetic acid (0.25 mL, 4.36 mmol). The reaction mixture 
was stirred at 0° for 2 hours, quenched with water, and stirred for another 0.5 hour while 
warming to room temperature. The reaction mixture was then partitioned between ethyl acetate 
and brine. The ethyl acetate layer was washed sequentially with aqueous NaHC03 and brine, 
dried over Na2S04 and concentrated to give 0.56g of crude product Purification was done by 
silica gel column chromatography, eluting with 7.5% to 15% acetone in hexane. The desired 
product 32,24-bisTBDMS, 21-ethanol ascomycin (Example 365a, 0.1 lg) was collected along 
with the starting material (0.1 3g) and the direduction product (Example 365b, 0.06g) which 
was also reduced at position C-9. 

Example 366: Formula V: R= 2- he.n7.ov1 0 xvethvl: n= 1: R'= H; Rl= r-bnWlrii™ethY)silylQXV; 
R21 = H: R32= H: R33= t-hiitvldimethvlsilvloxv: R3 4= H: R35 jndJB ff taton t ogether fprni an 
oxo group. 

The product of Example 365a (32,24-bisTBDMS, 21-ethanol ascomycin, HOmg) was reacted 
with benzoyl chloride using the same conditions used in Example 363. Purification of the tided 
bis-TBDMS protected benzoate was achieved using a silica gel column. Yield: 90mg. 
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r - mf .™- *™..i»m r Tr --|- nlf lir-'"-"-"''^ H ^ M ' H ^ 3 ^ 33£flHl 

P%HlB3 5 and Rff nVn ^t^ T fnrm an QXO group- 

The product of Example 366 (32,24-bisTBDMS, 21-ethyl benzoate ascomycin^Omg) was 
treated with HF according to the procedure of Example 60 and purified by RP-HPLC to give 
0 04gofthe title compound. 

FAB-MS (m/z) 950 (M+K). Anal.Calcd. for C 50 H 7 3NiOi4-H 2 O : C, 64.57; H, 8.13; N, 
1.51. Found : C, 64.66; H, 8.02; N, 1.71. 

S^ZdSJn^^ CH 3 CN(8mL) at 0«Cw« added 

acetic acid (0.12 mL, 2.1 mmol) followed by sodium triacetoxyborohydnde (0.15g, 0 7 
mmol) Thereactionwa S stirredat0°Cfor2hoursandquenchedwithwater.Tl 1 eicebamwas 

removed and the reaction mixture was. stirred for another 0.5 hour while warrningtoroom 
temperature. The reaction mixture was partitioned between ethyl acetate and brine The 
organiclayerwaswashedsequentiaUywithaqueousNaHCOa and brine, and dried over 
Na 2 S0 4 . The solvent was concentrated to give 0.51g of crude material containmg both * and 
R isomers of C22-dihydro ascomycin along with the unreacted starting material. The above 
crude material was dissolved in DMF (5 mL) containing dimethoxypropane (5 mL). 
Pvridiniump-toluenesulfonate (0.05g) was added, and the mixture was stirred at the room 
temperature overnight T*e reaction mixture was dUuted wimemex and washed with bnne. 
TheetherwasdriedoverNa2SO 4 andevaporatedtogive0 i 56gof the crude C22.24- 
acetonides. Purification was done by RP-HPLC (41.4 mm ID, Dynamax-60A Sum phenyl, 
83-D41-C) to isolate 0.15g of C22-S,24-acetonide and 0.025g of C22-R,24-acetonide isomer 
along with 0.096g of ascomycin and 0.03g of C22-R-dihydro ascomycin. 
lH-NMRdl.3(s,6H)for22,24-S-acetonide, dl.42(s, 6H) for 22,24-R-acetonide; FAB- 
MS (m/z) 872 (M+K) 

32-TBDMS 22-S-dihydro ascomycin (0.5g,0.63mmol), prepared according to the procedure 
of Example 103c, N-(benzyloxycarbonyloxy)succinimide (0.27g, 1.1 mmol) and DMAP 
(007g, 0.63 mmol) in CH 2 C1 2 (10 mL) were stirred at room temperature for 7 days. ■ 
F^Lonwasdor^bysmcag^ 

to give 03Ig of 32-TBDMS, 22-S-benzyl carbonate ascomycin in 54% yield. 
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Fvamnle37n: Fonr nlpTTT- P= pthvl- n= 1 : R'= H: R21= H: R22=jj^32=J2HjJL34=_Hi 
R^.n.(YV,Rn rS-configurationV R36=lH. 

The product of Example 369 is treated with HF according to the procedure of Example 60 and 
purified by RP-HPLC to give the tide compound. 

Pimple. 371 : Fnrmnla VT- R = pthvl- R' = H: n = 1 : R26. R21 and the carbpn to. which ftey 
are attached are absent: one of R2 & andR^ is hyd roxy Mid thf Qflff r is -COOCFfa C-8 is 
HWrrtv attached to C-10: Rl l= H: tf2=JkBPz]iiB?*E]5l&iaAXP tafre n together fQm 
an oxo group: R6Q = hyrirny y (R confi^nratjon^R6S== H. 

To a stirred solution of 24-desoxy ascomycin, the product of Example 380 (0.155g, 0.2 mmol) 
in 1 mL of methanolic ErCl3-6H2p (0.2 M) was added trimethylorthoformate (0.15 mL, 1.4 
mmol). After stirring at room temperature for 5 hours, the reaction mixture was poured into 
aqueous NaHC03 and extracted with ether. The ether layer was washed with brine, dried over 
Na2S04, and evaporated to give the crude product. After purification by RP-HPLC, the title 
compound (0.1 lg) was isolated in 69% yield. 
FAB-MS (m/z) 846 (M+K) 

Examples 372a anH 372h: Form u la TT: R = ethvl: R' = H: n = 1; R2 ^R2 Z and the carbon to 
which thev are attached are absent: one of R2 S and R2 2 is hydroxy a"ti the other is -CQQCt*l I 
P-R is direcdv attached tn C-10: Rfi Q = hvrfrnxv (R configuration'): RfiS=i£_and. 
Fnrmnla VI: R = e.thvl: R' =H: n = 1: R2 6- R2Z a^ th,e earhnn to which thev are attached are 
absent: one of R2 & and R2 2 is hydroxy and the oth er is -COOCHr C-8 is directly attached tQ 
C-10: Rll and R32 taVen together farm a bond: R3 2= H: RS^JLE^XjCjjslE^^QCJfe 
Rfi fl = hydroxy (R ennfignration): RfiS= H. 

The procedure of Example 371, in which 24-desoxy ascomycin was replaced with ascomycin, 
produced the title compounds of Examples 372a and 372b as major and minor products 
FAB-MS (m/z) 890 (M+K). 

F.vam ple.373: For mnla TTT- R = ethvl: R' = H: n = h &=XP=B&jd3^JE]atflW 

P3S ^R2 fi=H and the other -NR2 S where R3 & = -NHSfO^R* 0 antLR^Q = 4- m ethylphenvl, 
The hydrazone obtained in Example 221 (1.00 g, 1.04 mmol), sodium cyanoborohydride (261 
mg, 4.16 mmol) and p-toluenesulfonic acid monohydrate were combined in a mixture of 
N,N-dimemytformarnide and sulfolane (1:1, 46 mL). This mixture was heated at 110 °C for 
5.5 hours under a nitrogen atmosphere. The reaction mixture was diluted with water (200 mL) 
and extracted with ether (200 mL). Several washings of the organic phase were required to 
remove N,N-dimethylformamide and sulfolane. The ether layer was dried over sodium 
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sulfate, and the solvent was removed under reduced pressure. The crude material was purified 
by flash chromatography on silica gel eluting with 40% acetone in hexane. The tide compound 
was obtained as a solid (176 mg): mp 84-87 IR (CDCI3) car* 3430, 2940, 1735, 1630, 
1455, 1 170, 1090; MS (FAB) m/fe: M+K = 1000. 

of R3 £ or RM = -NWo and fr * ^ thpr fs H ' 

The oximes obtained from Example 7 (50 mg, 0.062 mmol) were combined with 10% 
palladium on charcoal in etfaanol (10 mL, 100%). The mixture was placed under a hydrogen 
atmosphere (1 atm) and stirred atambient temperature overnight. The catalyst was removed by 
passing the mixture through a filter agent, and the filtrate was evaporated to dryness to provide 
the title compound in quantitative yield: MS (FAB) m/e: M+K= 831. 

P^tifrffl ftTftfrffifni f" n ™ grQUP - 

TheproductofExample259isdehydr a tedasdescribedinExample36. This material is 
subsequently hydrogenated as described in Example 380 below to furnish the title compound 
after purification by flash chromatography on silica gel eluting with acetone and hexane. 

form a hnnd: R H= R22=R2^M=MlB^^R^ t^rn tOf T ^r forir, N l ACT BWP> 
The product of Example 380 is dehydrated according to the procedure described in Example 
362. 

g32=R M = H: R.3S and R.2 6 T^f P T»r ther fnrm an 0X0 grQHP - 
The product of Example 51 is dehydrated as described in Example 36. This material is 
subsequently hydrogenated as described in Example 380 below to furnish the title compound 
after purification by flash chromatography on silica gel eluting with acetone and hexane. 



;to 



T ^ *,* y am attached. R2 6, Rgjftjnftffg *™ n with f>9 and C-1Q 

^.in r pinions 7 nf v ^ """em: R^- = R^^R^M^j^li^nd 

n^V.n toothe r ™ oxn group: R&- OH (7? cflnfiffnrat«nrt; R* %& 
The product of Example 38 is hydrogenated as described in Example 380 to supply the trie 
compound after purification by flash chromatography on silica gel eluting with acetone and 



hexane. 
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Fxample 379: Formula V: R= *thv1- R'= H: n= 1: Rl= -OCH^CfO^OC?^ 

rR-cnnfipurationV. r2 1= r32= r23= r^hlR^^r^ taken together form an oxq grow, 
The product of Example 109 is dehydrated according to the procedure described in Example 
36. This material is combined with 10% palladium on carbon in ethanol and reduced under a 
hydrogen (1 atm) environment over 2 hours. The catalyst is removed using a filter agent and 
the filtrate is concentrated under reduced pressure. The crude material is purified by flash 
chromatography on silica gel eluting with acetone in hexane. 

Rum ple 380: Formula TTT: R=ethvl: R'=H: n= 1: R^R^R^RM^HlX^^R^Jaken 
together form an oxo group. 

The enone obtained in Example 36 (1.00 g, 1.29 mmol) was combined with 10% palladium on 
carbon (100 mg) in methanol and reduced under a hydrogen (1 atm) environment for 4 hours. 
The catalyst is removed by passing the mixture through a filter agent and the filtrate is 
concentrated under reduced pressure. The crude material was purified by flash 
chromatography on silica gel eluting with 25% acetone in hexane to supply the title compound 
(348 mg) as a colorless foam: MS (FAB) m/e: M+K = 814. 

Examples 381a and 381 h: Formula TTT: R= eth vl: R'= H: n= 1: R22= H: R^=rQ^L=&32= 
H: R3 S and R3fi taken together form =N- which is attached to the -O-at R34 to form an 
isoxazoline. and 

Formula ITT: R= e.thvl: R'= H: n=l:R33= -0-.LR^HLR^^2=J^^j^Mjajceji 
together form =N- which is attac hed to the -Q- at R33 to form an isoxazoline 
The oxime mixture obtained in Example 7 (250 mg, 0.310 mmol) was dissolved in methylene 
chloride (25 mL), and the solution was chilled to 0 °C. Martin sulfurane dehyrating reagent 
(208 mg, 0.3 10 mmol) was added. Two more equivalents of dehydrating reagent were added 
after one and two hours of reaction respectively. The reaction was quenched with isopropanol 
(3 mL), and the mixture washed with saturated aqueous bicarbonate solution (80 mL). The 
organic phase was dried and freed of solvent The products were separated and purified by 
flash chromatography on silica gel eluting with 30% acetone in hexane. Example 381a: MS 
(FAB) m/e: M+K = 827. Example 381b: MS (FAB) m/e: M+K = 827. 

Example 382: Formula TTI: R= et hvl: R'= H: n= 1: R21 =R22= r24= Jj; R^LlffllR^Jffli! 
R2fi taVen together are =NR*& where R*& is -QCH?CH=CH ? , ' 

Ascomycin (2.02 g, 2.54 mmol) was dissolved in 90% ethanol (40mL) To this solution was 
added O-allyl hydroxylamine hydrochloride (0.6275 g, 5.72 mmol) followed by pyridine 
(0.2mL, 2.54 mmol). The reaction was stirred at room temperature for 23 hours. It was then 
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pour e dintowat e r<75xnL)andex^tedwithethylacetat e (2x75rnL). The extracts were 
combined and washed with brine (50 mL) and dried over magnesium sulfate. Removal of the 
solvent gave crude material which was flash chromatographed on silica gel eluting with 3 0% 
acetoneinhexane. Yield ing: MS (FAB) m/e: M+K = 885; 13 C NMR (75 MHz) delta 
(selected signals) 196.7, 161.6, 133.6, 118.5, 74.9; IR (KBr) cm-1 3450, 2930, 1745, 1720, 
1650, 1450, 1100. 

r32 = r2 4 = H: R3Sand R3 6 t^n together form an oxo group. 
Hie product of Example 36 (502 mg, 0:646 mmol) was dissolved in anhydrous 
tetrahydrofuran (40 mL). Potassium hydride (193 mg, 1.61 mmol as a 35% suspension in 
mineral oil) was added and the reaction stirred at room temperature. After 19 hours, an 
additional aliquot of potassium hydride (76mg, 0.646 mmol) was added followed by 
quenching 7 hours hence. The tetrahydrofuran was removed, and the material partitioned 
between25mLof 1 N hydrochloric acid and 25 mL of ethyl acetate. The aqueous phase was 
washed with an additional 15 mL of ethyl acetate. The organic phases were combined, washed 
with 20 mL of brine, dried over magnesium sulfate and freed of solvent This material was 
flashctaomatogmphedonsiHca^ Yield59mg: MS 

(FAB) m/e: M+K = 812; 13 C NMR (125 MHz) delta (selected signals) 96.4, 80. 1, 75.2; IR 
(KBr) cm-l 3430, 2920, 1755, 1735, 1690,1625, 1455, 1090. 

n^ pi^M. Formula ^- ^ 1: R^ ani_R22 1 ,^ tocher form a bpnd; 

£32_^g M = H; one of R2 5 oxEff- H nnri the other = -QH, 

The product of Example 224 (102 mg, 0.128 mmol) was dissolved in tetrahydrofuran (10 
mL) Potassium hydride (20 mg, 0.462 mmol) as a 35% suspension was added, and the 
reaction mixture was stirred at room temperature for 20 hours. The mixture was quenched 
with water (0.5 mL) and concentrated under reduced pressure. Hie residue was partitioned 
between 0.5 N hydrochloric acid and ethyl acetate (50 mL). The aqueous phase was washed 
again with ethyl acetate (25 mL), and the combined organic washes were dried over 
magnesium sulfate and freed of solvent The crude material was purified by flash 
chromategr^hysmcagelelutmgwim30%acetoneinhexanes. YieldSOmg: MS (FAB) m/e: 
M+K = 814; 13 C NMR (125 MHz) (delta, selected signal) 202.8, 76.4, 75.8, 74.5, 71.8. 

FTf W i^- FnrmuT r V p ~ pt1iv1 ' R,=TT: n= * : rprr-hiirvldimethvlsifojty; R^ andJB^ 
-nr/r»CH,Cfru 
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The product of Example 36 was dehydrated and the pendant cyclohexanol hydroxyl group 
protected as its /-butyldimethylsilyl ether as described in Example 8a. Propionic acid (50 
microliters, 0.673 mmol) was dissolved in hexane (10 mL) and N,N-dimethylformamide (50 
micoliters). To this, oxalyl chloride (0.29mL, 3.37 mmol) was added, and the reaction 
mixture stirred at room temperature for 1 hour. The salts were then removed by filtration, and 
the solvent removed in vacuo. The freshly made acid chloride was taken into anhydrous 
methylene chloride (10 mL). The hydrated, protected ascomycin derivative described above 
(202mg, 0.225 mmol) was added along with diisopropylethylamine (0.2 mL, 1.13 mmol). 
After 48 hours, the dichloromethane was removed and the material partitioned between IN 
hydrochloric acid (30 mL) and ethyl acetate (30 mL). The aqueous layer was washed with an 
additional ethyl acetate (15 mL). The organics were combined, washed with brine and dried 
over magnesium sulfate. The solvent was then removed and the material flash 
chromatographed on silica gel eluting with 25% acetone in hexane. Yield 101 mg: MS (FAB) 
m/e: M+K = 946. 

F.vampl^Kfr Fnr m nlaTTT. R= ftthvlr R'= H: n= 1: R2 1= r32=r24=H;_RS 2= -CH(-)CO?Et; 
R3 5 and R2fi takan together are =N- which is attached to C22 and the unoccupied valence of the 
methine on R.31 to form a cyclic imine. 

The 4-chlorobenzyUmine of glycine ethyl ester (1.46 g, 6.46 mmol) was dissolved in 80 mL of 
anhydrous tetrahydrofuran. To this, 0.39 g (9.70 mmol) of sodium hydride as a 60% 
suspension in mineral oil was added. These were allowed to stir at room temperature for 15 
min, before adding 2.00 g (2.58 mmol) of the product of Example 36. After 24 hours at room 
temperature, the reaction was quenched by the addition of 10 mL of water. The 
tetrahydrofuran was removed, and the residue loaded onto silica gel and eluted with 25% 
acetone in hexane. Yield 0.60 g: MS (FAB) m/<r. M+K= 897, M+H= 859. 

Example 387: Formula TTT: R= eth vl: R'= H: n= 1: R21= •CH(NHf-))p-ChlorophehYl P which 
the unoccupied valence of th e amine and the unoccupied valence on R33 forming a PVTiroUdine; 
R32=R M=H: R33= -HHMCCbEt: Ra j and R3fi taken together form an oxo group. 
The product of Example 36 (501 mg, 0.464 mmol) and the 4-cWorobenzylimine of glycine 
ethyl ester (218 mg, 0.97 mmol) were dissloved in 20mL anhydrous tetrahydrofuran. To this, 
1.40 mL (9.69 mmol) of triethylamine and 265 mg (3.04 mmol) of lithium bromide were 
added. The reaction was stirred at room temperature under nitrogen. After 3 hours, the 
reaction was poured into 20 mL of IN hydrochloric acid and 20 mL of ethyl acetate. The 
aqueous phase was washed with an additional 20 mL of ethyl acetate. The organic washes 
were combined and washed with 15 mL of brine. The organic layer was dried over 
magnesium sulfate and freed of solvent to give 0.70g crude material. This material was 
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^ sta ]lized*rom2:lemyla*^^ MS(FAB) 
^:M + K=1037,1039,M + H=999,1001;I3CNMRa5MHz)delta(se^ 

167.6, 141.7, 135.8, 129.4, 128.9, 63.1, 62.9, 51.8, 50.4; IR (KBr) cm-I 3430, 2930, 

1745, 1650, 1450, 1090. 

c ^e^ ganrt 3881, rmwln- = 

Ascomycin (15 g), triethylamine (9. 1 g) and N-methylhydroxylamine hydrogen chlonde (7 5 
g) in ethanol (60 mL) were stirred at 45 <€ for 60hours. Solvent was removed in vacuo and 
the product purified on silica gel eluting with 10% ethanol/dichloromethane. 
Title compound of Example 388a: Yield: 10.2 g; MS(FAB) m/z: M+K = 859. 
Title compound of Example 388b: Yield: 3.5 g; MS(FAB) m/z: M+K = 859. 

sZZonteZlO was added intoastirred solution of ascomycin (0.4 g) and allyl lodrde 
(0 6 g> in acetonitrile (0.5 mL) at 0 °C. After being stirred at room temperature overnight, the 

reactionmixture was poured ' 
The semi-pure product was purified by silica gel chromatography (10 g) eluting with 2% 
isopropanoydichloromethane. Yield: 0.245 g; MS(FAB) m/z: M+NH4 = 849. 

009- Fnnnula ° »' =H: n = 1: Ri - A^^^^o 

Mffry"- n - ^ Configuration). 

Silver 0) oxide (0.6 g) is added into a stirred solution of ascomycin (0.4 g) and 4-(N- 

niorpholmo-2-^^ . 
stirred atroom temperature overnight, the reaction mixture is poured over a OT lunm of silica gel 

(2 g) in ether and eluted with ether. The semi-pure product is purified by sihca gel 
chromatography (10 g) eluting with 2% isopropanol/dichloromethane. 

Fnrmnla T - P - rthW V - H; , = 1; g - N irmm flr fS-Confi juration) 
Trifluoromethanesulfonyl anhydride (0.28 g in dry dichloromethane 1 mL) was added into a 
stirred solution of ascomycin (0.8 g) and diisopropylethyl amine (0.5 g) in dichloromethane (2 
mL) at-15 <C After being stirred for 0.5 hour, tetrazole (0.1 g) was added and stured atroom 
tem P eraturefor24hours. Solvent was removed invacuo and the crude purified bysiUcagel 
(40g)elutmgwim40%acetoneAiexanes.Theproductwasfii^^ 
eluting with 3% isopropanol/dichloromethane. Yield: 0.3 g; MS(FAB) m/z: M+K = 882. 
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p.Yflmple 394: In vivo Assa y nf Biological Activity 

The immunosuppressant activity of the compounds of the present invention was 
determined using the human mixed lymphocyte reacion (MLR) assay described by Kino, T. et 
al in Trans plantation Proceedings . XK(5):36-39, Suppl. 6 (1987). The results of the assay, 
shown below in Table 1, demonstrate that the compounds tested are effective 
immunomodulators at sub-micromolar concentrations. 

Table 1 



Ex.# ICfflfM) EjL#_ I£$QM1 

lb < 1x10-6 51 <lxl0-6 

2 <lxl0"6 52 <lxl0-<5 

3 <lxl0-6 53 <lxl0-6 

4 <lxl0-6 96 < 1x10-6 

5 <lxl0-6 102 < lxlO- 6 

6 < 1 x 10-6 103a < 1 x 10-6 

7 < 1x10-6 103b <lxl0-6 
8b < 1x10-6 104c <lxl0"6 

9 < 1 x 10-6 106a < 1 x 10*6 

10 <lxl0-6 107 < 1x10-6 

11 < 1x10-6 109 < 1x10-6 

12 < 1x10-6 110 < 1x10-6 

13 < 1x10-6 137 < 1x10-6 
14a < 1 x 10-6 .150 < 1 x 10-6 
14b/48 <lxl0-6 151 < 1x10*6 
15 < 1x10-6 159a < 1x10-6 

36 < 1x10-6 159b < 1x10-6 

37 <lxl0"6 159c < 1x10-6 

38 <lxl0-6 160 < 1x10-6 

39 < 1x10-6 161 < 1x10-6 

40 < 1x10-6 170 <lxl0-6 

41 < 1x10-6 172 < 1x10-6 
42a/b <lxl0"6 173 <lxl0"6 

43 < 1x10-6 174 < 1x10-6 

44 < 1x10-6 178 > 1x10-6 

45 <lxl0"6 182 < 1x10-6 

46 <lxl0-6 221 < 1x10-6 

47 < 1x10-6 255 >1 x 10-6 

49 <lxl0"6 256 <lxl0-6 

50 <lxl0-6 257 <lxl0;6 
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It is understood that the foregoing detailed description and accompanying examples are 
merely illustrative and arenot to be taken as limitations upon the scope of the invention, which 
is defined solely by the appended claims and their equivalents. Various changes and 
modifications to the disclosed embodiments will be apparent to those skilled in the art Such 
changes and modifications, including without limitation those relating to the chemical 
structures, substituents, derivatives, intermediates, syntheses, formulations and/or methods of 
use of the invention, may be made without departing from the spirit and scope thereof. 
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We claim: 



1 . A compound having the formula 




or a pharmaceutically acceptable salt, ester, amide or prodrug thereof, wherein 
n is zero or one; 

R and R' are chosen such that (a) one of R and R' is hydrogen and the other is selected from 
the group consisting of methyl, ethyl, 2-hydroxyethyl, propyl, cyclopropylmethyl, 
2-oxopropyl, 2-ethanal, allyl, -CH 2 CH 2 OC(0)R l ° where R 10 is aryl, -CH 2 C(0)R 12 , 
-CH 2 C(0)N(R 14, )(CH2)mCH(Rl6)-C(0)Rl2, -CH 2 C(0)N(RW')(CH 2 ) 1 nCH(Rl6)C(0)- 
N(Rl 4, ')(CH 2 ) m CH(Rl6')C(0)R 12 , and -CH 2 C(0)N(Rl 4 ')(CH 2 ) m CH(R 16 )C(0)- 
N(Rl 4 ")(CH 2 ) m €H(Rl6 , )C(0)-N(Rl 4 '")(CH 2 ) m "CH(Rl6")C(0)Rl 2 , wherein m, m 1 and m" 
are independently zero to six; R 16 , R 16 ' and R 1 *" are independently selected from hydrogen, 
loweralkyl, hydroxyloweralkyl, carboxyalkyl, thioloweralkyl, thioalkoxyalkyl, 
guanidinoalkyl, aminoalkyl, arylalkyl and, if m, m' and m" are other than zero, amino or 
amidoalkyl; and R 12 is selected from (i) hydroxy, (ii) -OR 13 where R 13 is loweralkyl, 
cycloalkyl, cycloalkylalkyl or arylalkyl, and (iii) -NR 14 R 15 wherein R 14 ', R 14 " and R 14 '" 
are independently selected from hydrogen, loweralkyl, arylalkyl, cycloalkyl and 
cycloalkylalkyl and R 15 is selected from hydrogen, loweralkyl, arylalkyl, cycloalkyl, 
cycloalkylalkyl, aminoalkyl, hydroxyalkyl, carboxyalkyl, and thioloweralkyl; or, taken 
together, R 14 and R 15 are -(CH 2 ) q - where q is two to five; or, taken together with the nitrogen 
to which they are attached, R 14 and R 15 form a group selected from morpholino and 
piperidino; or, taken together, one or more of R 14 ' and R 16 , R 14 " and R 1 *', and R 14 " and R 16 " 
are -(CH^p- where p is two to five, or (b) one of R and R\ taken together with one of R 35 and 
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R36 forms a C-21/C-22 bond and the other of R and R\ taken together with the other of R 
andR36isaheterocycle-forming group having a formula selected from -N(R«3)CH=CH- and 
-OC(R M )=CH- where the heteroatom in each instance is connected to C-22, R« is selected 
from hydrogen, loweralkyl arylalkyl and aryl, and R<" is hydrogen or loweralkyl; 



X is selected from 




V> *-Y\ *-Q 

rtAe^ aa). CH.O^A.C OW and 



ac), 



wherein R 1 is selected from the group consisting of: 

(a) hydrogen, 

(b) halogen, 

(c) triflate, 

(d) mesylate, 

(e) tosylate, 

(f) faenzenesulfonate, 

(g) azide, 
(g 1 ) cyanate, 

(h) -OC(S)OR u , wherein R 11 is selected from loweralkyl, arylalkyl and aryl, 
Q -OC(0)R 19 , wherein R^ is selected from (i) hydrogen, (ii) loweralkyl, (iii) 

arylalkyl, (iv) aminoalkyl, (v) aryl and (vi) an alpha-carbon with an optionally protected alpha- 
amino, and appended side-chain of astandard alpha-amino acid, 

0) -OC(0)NHR 17 , wherein R 17 is selected from hydrogen, loweralkyl, arylalkyl, 

aryl and -SR 14 , 

(k) -OCCOJOR 11 , 

(1) -OP(0)(QR LI )2, 

(m) -OR 11 , 

(n) -0(CH2)jC(0)R 12 , where j is one to five, 

(o) -OCCH^jC^NCR^XCH^mCHCR^CCOR^, 

(p) -OCCH^jC^NCRWXCH^CHCR^C^N^l^CeHzWCHCRie)- 

C(0)R 12 

(q) -OCCH^jC^NCR^W^ 

cconcr^Xch^-chcr^'^ccork 
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(r) -SR17, 

(s) -SC(0)RH, 

(t) -P(0)(ORn) 2 , 

(u) 1-tetrazolyl, 

(u 1 ) 2-tetrazolyl, 

(v) -NHC(NH)NH 2 , 

(w) -C(NH)NH 2 , 

(x) -0-(hydroxyl protecting group), 

(x') -O-fm-butyldimethylsilyl, 

(y) -HNSR 11 , 

(z) -NR-tfSCO)^ 11 , 

(aa) -NR 17 C(0)R 18 , wherein R 18 is selected from hydrogen, loweralkyl, arylalkyl, 
aryl, -NR 14 R 17 and -NR 14 R 14 , 

(bb) -NRl7C(0)NHRl8, 

(cc) -NR^CXOJOR 11 , 

(dd) -NHP(0)(OR n ) 2 , 



(hh) hydroxy; 

r2 i s hydrogen or trifluoromethylcarbonyl or, taken together with R 2 ', forms a diazo group or, 
taken together with one of R 3 and R 4 , forms a C-32/C-33 bond; 



(ee) 




(ff) a group having the formula R 20 (If) where R 20 and R 20 ' are 

independently selected from the group consisting of hydrogen, aryl, cyano, trifluoromethyl, - 
C(0)-0-loweralkyl and -C(0)-loweralkyl, 
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R2" is hydrogen or, taken together with R 2 , forms a diazo group; 

R 3 and R4 are chosen such that (a) both are thioloweralkoxy , thioaryloxy or thioarylalkoxy ; (b) 
one of R3 and R4 is selected from hydrogen, hydroxy and a C-32/C-33 bond formed with 
and the other of R3 and R« ishydrogen or R"; or (c) taken together, R3 and R* form a group 
selected from G) oxo, (ii) =NR4« where is selected from arylalkoxy, hydroxy, - 
0(CH2)fCOOH where f is one to five, -NHC(0)OR3* where R 39 is loweralkyl, and - 
NHS(O) 2 R40 where R« is aryl, (iii) =NOR^ or =N+(0-)R 222 , where R 222 is selected from 
the group consisting of lowerlkyl, aryl, -SO^oweralkyl) and -S0 2 -(aTyl),and (rv) a 
tMoketal-forming moiety having the formula -S-CCH^S- where r is two or three; and 

R5 is selected form the group consisting of formyl and -CH2OR 1 ; 

Y is a group having a structural formula selected from 
,33 , R 33 

y v /-- R34 

* OA 





(Hla) and ' (ma'), wherein 



(a) R3 1 and R3 2 are chosen such that one of R 31 and R32 is hydrogen and the other 
is independendy selected from the group consisting of (i) hydrogen, (ii) hydroxy, (iii) -R", 
(iv) -C(0)R u and (v) -OflR^NHR 17 ; 



or, 



; taken together, R 31 and R 32 form a diazo group; 



or ,takentogemerv*moneo^^^ 

the omerisselectedfrom me group 

and -C(0)OR 61 , where R 61 is hydrogen, aryl or loweralkyl; 

or taken together with one of R33 and R34 one of R3 1 and R 32 forms, a group having the 
formula Cm C-23 to C-24 orientation) -CH^NHCTOOPR 11 )-; 

or, taken together with one of R 3 * andR 3 6 one of R 31 M d R 3* forms a 022/C-23 bond; 
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or R 31 and R 32 , together with carbon atom C-23 to which they are attached, may be absent and 
replaced by a C-22/C-24 bond; 

or, taken together with one or both of R 33 and R 34 and the carbon atoms to which they are 
attached, one or both of R 31 and R 32 foim (i) a fused indole group wherein the nitrogen atom 
is adjacent to C-24, (ii) a fused, optionally unsaturated, 5-membered heterocyclic group 
wherein one of the two ring members adjacent to C-23 and C-24 is oxygen, the other adjacent 
ring member is -CHR 17 - or =CR 17 -, and the remaining ring member is =N- or -NR 1 L , or 
(iii) a fused pyrrole; 

or, taken together with R 35 and R 36 and the carbon atoms to which they are attached, R 31 and 
R32 f orm (i) a fused indole group wherein the nitrogen atom is adjacent to C-22 or (ii) a fused 
furan ring wherein the oxygen atom is adjacent to C-22; 

(b) R 35 and R 36 are chosen such that both are loweralkoxy, or that one of R 35 and 
R 36 is hydrogen and the other is selected from hydroxy, amino, -NHR 17 , -OC(0)R n , 
-OC(0)0-(benzyl) and -NHNH-(tosyl) or, taken together with one of R 31 and R 32 , forms a C- 
22/C-23 bond; 

or, taken together with one of R 33 and R 34 when C-23 is absent, one of R 35 and R 36 forms a 
C-22/C-24 bond and the other is hydrogen or hydroxy; 

or, taken together with one of R 33 and R 34 , one of R 35 and R 36 forms a group having the 
formula -OC(CH3)20-; 

or, taken together, R 35 and R 36 form an oxo group or =NR 38 where R 38 is selected from (i) 
arylalkoxy, (ii) hydroxy, (iii) -OCH 2 COOH, (iv) -OCH 2 CHCH 2 , (v) -NHC(0)OR 3 9 and (vi) 
-NHS(0) 2 R 4 °; 

or, taken together with R and R\ R 35 and R 36 form a C-21/C-22 bond and a heterocycle- 
foiming group as described above; 

or, taken together with R 31 and R 32 , R 35 and R 36 form an indol or furan group as described. . 
above; 

or, taken together with either or both of R 33 and R 34 and intervening carbon atoms C-22, C-23 
and C-24, R 35 and R 36 form a fused, heterocyclic group selected from (i) a five- or six- 
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mexnbered, unsaturated group uprising a hcteroatom selected torn N,0 and S op^ 
comprismgas^ondheteroatomsel^ 

heJoatoms are present, at least one is N, and optionally substituted wrm lower^l, aryl, 
arylalkyl, amido, formyl, -C(0)ORH or . C (0)R41 where R« is loweralkyl, and (u) . 
naembered, option^ unsaturated group havmg fused thereto a phenyl group optronaUy 
substituted with loweralkyl, alkoxy or halogen, wherein the ring member adjacent to C-22 as 
=N- and the ring member adjacent to C-24 is O or S; and 

fc> R33 and R 3 * are chosen such that ® one of R33 and is hydrogen and the 
other is selected from hydrogen, hydroxy, amino, -OR" -ON0 2 , -OC( 0)NHR" -C(0)RU, 
-C(Rll)NHR" and -0-(hydroxyl protecting group); (ii) one of R33 and R» is hydrogen and 
the other forms, with one of R» or R32, a group having the formula 
-CHCR")NHCH(C(0)ORil)- or, with one of R3* and R*. a group having the formula 
-OC(CH 3 ) 2 0-; or (iii) one of R33 and R34 forms a C-23/C-24 or , when C-23 is absent, a 
C-22/C-24 bond and the other is selected from hydrogen, hydroxy and loweralkoxy; 

or, taken together, R33 and R 34 form an oxo group; 

or, taken together with one or more of R3l. R 3 2, R 3 5 and R3* and the intervening .carbon 
atoms one or both of R33 and R 3 4form agroup selected from © indole, where themtrogen 
atom is adjacent to C-24, (ii) furan, with the oxygen atom attached to C-24, or (ui) a 
heterocyclic group as described above; and 

Z is selected from 




0CH 3 (Ha) and 



r26 \ 










R 6 ° R 65 








R 29 










CH 3 


OCH, 



(lib), wherein 



(a)" R21 and R22 are chosen such that (i) one of R* and R22 is hydrogen and the 
other is selected from hydrogen, loweralkyl, arylalkyl aryl, halogen, ^J^> 
tosyla te .benzenesulfona^^ 
-NR 17 C(0)R 18 , and groups having the formulae 
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,11 



(Ig) or, taken together with R 23 , forms 



a C-9/C-10 bond, or (ii) one of R 21 and R 22 is hydroxy and the other is selected from 
hydrogen, loweralkyl, arylalkyl and aryl, or (iii) one of R 21 and R 22 is selected from 
hydrogen, loweralkyl and arylalkyl and the other, taken together with R 23 and the carbon 
atoms to which they are attached, forms a fused, five membered heterocyclic group wherein the 
two ring members adjacent C-9 and C-l 0 are oxygen and the remaining ring member is 
selected from -C(O)- and -C(S)-, or (iv) one of R 21 and R 22 is selected from hydrogen, 
loweralkyl and arylalkyl and the other, taken together with R 23 and the carbon atoms to which 
they are attached, forms a fused, five-membered heterocyclic group wherein the two ring 
members adjacent to C-9 and C-10 are oxygen and the remaining ring member is -P(0)(R 25 )- 
where R 25 is loweralkyl, arylalkyl, loweralkoxy, amino or loweralkylamino; 

or, taken together, R 21 and R 22 form a group selected from oxo, oxime and -O-CH2-; 

or wherein R 21 and R 22 and the carbon to which they are attached are absent and C-8 is directly 
attached to C-10; 

(b) R 23 is selected from the group consisting of hydroxy, halogen, amino, 
loweralkylamino, aiylalkylamino, loweralkoxy and arylalkoxy or, taken together with one of 
r21 ^ R22 f forms a C-9/C-10 bond or, taken together with R 24 , forms a C-10/C-11 bond; 

(c) R 24 is hydrogen or, taken together with R 23 , forms a C-10/C-1 1 bond; 

(d) R 26 , R 27 , R 28 and R 29 are chosen such that (i) one of R 28 and R 29 is hydroxy 
and the other is -COOH or -C(0)0-loweralkyl, and (ii) R 26 and R 27 and the carbon to which 
they are attached are absent and C-8 is direcdy attached to C-10; 

or, taken together, R 26 and R 27 are oxo while one of R 28 and R 29 is hydroxy and the other 
forms a C-2/C-10 bond; 



or, taken together, R 26 and R 28 form a bond and R 27 and R 29 form a group having the formula 
-U-C(R n )=N- wherein U is adjacent to C-9 and is selected from -0-, -S- and -NH-; 
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or R26 and & are each hydroxy and and R» taken together, form a group having the 
formula -CH 2 -C(CH2)-CH2-; 

or taken together with the carbon atoms to which they are attached, R*\ R». R 28 and R*> 
form (i) a fused naphthalene group wherein the atoms adjacent to C-9 and C- 10 are substituted 
by cyano groups, or (ii) afused, mono-, bi- or tricyclic heterocyclic aromatic group compnsmg 
fused, six-membered rings, which has between one and three nitrogen heteroatoms and is 
optionally substituted with up to six groups selected from amino, halogen, loweralkyl and 
loweralkoxy; and 

(e) R60 and R« are chosen such that R« is hydrogen and R« : is selected from the 
group consistingof G) hydrogen, (ii) hydroxy and (iii) -OC(0)Rl9 or, ^en together, R® and 
R& 5 form an oxo group. 

2. " A compound according to Claim 1 having the formula 




J» C " 3 | 



(IV), 



wherein R! is hydrogen and n, R, X and Z are as defined above. 



WO 93/04680 



PCT/US92/07600 



141 



3 . A compound according to Claim 1 having the formula 




(V), 



wherein n, R, R\ X and Y are as defined above. 



4 . A compound according to Claim 1 having the formula 



HO. 



CH 3 0' 




(VI), 



wherein n, R, R\ Y and Z are as defined above. 
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5 . A compound according to Claim 2 having the formula 




'OCH, 



CD. 



wherein R' is hydrogen and n, R and X are as defined above. 

6. A compound according to Claim 5 wherein X is a group havingthe formula 



R 221 . 



CH 3 0' 




(lb'), 



wherein R 221 is selected from =NOR 222 and =N+(0-)R 222 , where R 222 is the group consisting 
of lowerlkyl, aryl, -S0 2 Kloweralkyl) and -S0 2 -(aryl). 

7. A compound according to Claim 2 having the formula 
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1 



^och 3 (m) , 

wherein n, R, R' and Y are as defined above. 
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9. A compound according to Claims 1, 3, 4 or 8 wherein Y is selected 
group consisting of 
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R 87 R 87 




wherein R 11 , R 17 , R 31 , R 32 , R 38 and R 41 are as defined above; R 81 is selected from 
hydrogen, alkyl, -CCONHR", -S(0) 2 R 61 and -C(0)0R<>1; R 82 R 83 ^ independently 
selected from hydroxy and amino; R 84 is hydrogen, hydroxy or loweralkoxy; R 85 is hydrogen 
or hydroxy; R 86 is selected from hydrogen, loweralkyl, aryl, arylalkyl, amido, formyl, 
-C(0)R 41 and -C(0)OR 41 ; R 87 is selected from hydrogen, halogen, alkoxy and loweralkyl; V 
is selected from oxygen, -N(R 86 )- and -NC(0)R 86 - ; and W is oxygen or sulfur. 

10. A compound according to Claims 1, 2, 4 or 7 wherein Z is selected from the 
group consisting of 

X x r <> pyo « 
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70 o72 




OCH, 




HO^o OH 




■ Y T 




whereinR 11 , R 21 , R 22 . R 23 and U are as defined above; R 70 is hydrogen, loweralkyl or 
aryblkyl- R 71 is hydrogen or loweralkyl; R 72 is oxygen or sulfur; and A, D, E, G, J and L are 
selected from nitrogen, carbon and -C(R 7 3)- where R" is amino, halogen, loweralkyl or 
loweralkoxy. 
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11. A pharmaceutical composition useful for immunomodulation, comprising a 
therapeutically effective amount of a compound of Claim 1 in combination with a 
pharmaceutically acceptable carrier. 
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